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PREFACE 


T he book consists of the Milroy Lectures for 1923 
as delivered in February and March before the 
Royal College of Physicians, London, with slight ampli¬ 
fication in a few directions. 

While available literature has been utilized I have 
mainly relied on a systematic and detailed laboratory 
study of canned foods upon which I have been engaged, 
with the help of other workers, during the last four 
years, and upon what may be termed field inquiries 
which I have made, dealing with methods of manu¬ 
facture in this country, the United States of America 
and Canada and with the degree and methods of super¬ 
vision exercised over their manufacture, importation 
and sale. 

The literature on the subject is not considerable 
considering its importance, while it is very scattered 
and much of it not very accessible. For the convenience 
of workers a bibliography is included. 

The aggregation of a large percentage of civilized 
populations in great centres has necessitated revision 
of the methods of food supply. In consequence a striking 
phenomenon of the present century is the ever increasing 
extent to which the food of the community is presented 
to them not in the fresh condition but preserved, so that 
they have made available the food of periods of plenty 
and from areas of abundance. So far as this relates to 
decomposable food it is entirely a modern phenomenon 
only possible through the application of scientific know¬ 
ledge. Is this drastic change one to be encouraged whole 
heartedly or is it, like so many modern contrivances, 
fraught with its own menace and disadvantages which 
have to be eliminated or at least guarded against, before 


VI 


PREFACE 


Of the many different methods of food preservation 
the procedure by which the food is preserved through 
being contained in hermetically sealed receptacles after 
treatment by heat is one which has increased by very 
rapid strides and the figures set out in the text show 
that the trade in canned goods is one of vast magnitude. 
The Great War caused an immense extension of their 
use and has supplied an object lesson—if one was 
needed—of the fact that canned foods have ceased to 
be a subsidiary means of supply and must be regarded 
as an essential source of food when large bodies of men 
or women have to be concentrated in a small area and 
subjected to conditions under which methods of trans¬ 
port are a primary consideration. 

In view of their importance it is rather surprising 
that the matter has not received more general and de¬ 
tailed study from the Public Health point of view. In 
these Lectures I have attempted to give a compre¬ 
hensive review, although of necessity somewhat con¬ 
densed, of the whole subject of canned foods in their 
relationship to Public Health. The responsibility for 
any views expressed is entirely my own and these views 
do not, of necessity, reflect those of any Government 
Department with which I may have been associated. 

Appendices I and 11 are two Reports by the author 
presented to the Canned Food Committee of the Food 
Investigation Board and included with their permission. 

I am indebted to Dr Fitzgerald of the American Can 
Company for the illustrations on p. 126 and for per¬ 
mission to reproduce them. 

W. G. S. 

Weston-super-Mare. 

October 1923. 
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LECTURE I 


SHORT HISTORICAL ACCOUNT OF THE 
CANNING INDUSTRY 

The introduction of the art of canning is due in large 
part to the stimulus of war, since it originated in the 
bounty of 12,000 francs offered by the French Govern¬ 
ment during the Napoleonic Wars for an improved 
method of preserving foods. The immediate object of 
the bounty was the reduction of food waste of Military 
and Naval stores. 

Its wide extension in the United States of America 
was materially influenced by the demonstration of the 
utility and safety of foods so preserved during the 
American Civil War. 

The French prize was ultimately awarded in 1810 to 
Nicholas Appert. His experiments continued from 1795 
to 1810 and, although most of his earlier ones were 
failures, in the end success was achieved. His products 
were all packed in glass bottles. The food covered with 
water was placed in these bottles, these were corked 
and then heated in an open water bath, the length of 
• time depending upon the character of the food. Al¬ 
though his procedure differs materially from practices 
now followed his principles were sound, and modern 
developments are largely advances in detail and in 
technique not involving new principles. 

The commercial practice of canning dates from about 
1820. The history of the industry is one of steady de¬ 
velopment. For example as regards the retainers used, 
glass was replaced by hand-made tins then by machine- 
made tins. The tins were first of the hole and cap variety 
requiring solder to seal; these in turn have been very 
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generally replaced by the so-called “sanitary” or open 
top can in which no solder is used to fix on the lid. 
The latter type of can is quite modern and had its first 
extensive use in California in 1910. 

In the same way there has been a gradual extension 
of the kinds of food canned until now almost every 
kind of food is found put up in tins. In the early stages 
of the industry local crops were bought up or were 
home grown on a small scale, if fruit or vegetables. 
Now it is recognized that the best results are obtained 
when the canner controls the crops or is his own farmer. 
Great attention is paid to the types of a fruit or vegetable 
which “can” best and after much selection these types 
only are cultivated specially for canning purposes. Some 
types of food have only been canned comparatively re¬ 
cently. 

Thus while the canning of peas dates back to the 
beginnings of the industry, sardines were canned in 
1834, and tomatoes in 1847, corn was only canned 
commercially after 1862. The first salmon cannery was 
established on the Sacramento river in 1864, on the 
Columbia river in 1866, in British Columbia in 1874 
and in Alaska in 1882. The first patent for the manu¬ 
facture of unsweetened condensed milk was granted to 
Borden, an American, in 1856 and was manufactured 
and sold by him in 1858. The Anglo-Swiss Condensed 
Milk Company built their first factory for sweetened 
Condensed Milk in Switzerland in 1866. 

The development of the technical side of the industry 
has also been enormous and continuous. At first simple 
hand-worked factories were the rule. Before 1880 but 
little machinery was used in the industry but since that 
date its history has been the introduction of machine 
after machine to reduce labour and speed up production. 
Many of the machines now employed are of the most 
complicated and intricate construction. At the present 
time nearly all the stages are carried through by 
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machinery and in a well equipped modern factory the 
food itself is comparatively little touched by hand. Each 
large factory contains thousands of pounds worth of 
machinery and the number of finished tins of a food 
turned out in a day may reach a hundred thousand or 
more. There are however many quite small factories 
with but few machines. 

Material improvements have also been effected in the 
technical stages such as that of “processing” or steriliza¬ 
tion. The open water bath has been replaced by jacketed 
retorts in which steam under pressure can act on the 
contained can, rotary retorts have been introduced to 
facilitate the penetration of the heat and improved 
methods of cooling afterwards have been adopted. 

The general sanitary improvements in factories gene¬ 
rally have also been reflected in canneries and I believe 
have taken place at an accelerated rate, while the re¬ 
duction of wastage and the economical disposal of waste 
materials is now receiving serious consideration. 

The last phase of progress has been the removal of 
the industry from one of mere empiricism to one built 
upon scientific foundations. This stage undoubtedly 
has lagged greatly and it is only during the last half 
dozen years or so that any serious and sustained en¬ 
deavour has been made to try and explain, and so have 
power to control, the scientific principles involved, the 
causation of unsoundness and the basis of the precautions 
necessary to prevent loss from the contents becoming 
unfit. 

Appert ascribed the preservation of the foods by his 
method to the exclusion of outside air, but naturally 
was ignorant of the scientific reason, while Gay Lussac, 
the distinguished French chemist appointed by his 
Government to investigate the cause of these foods 
keeping sound, reported that spoilage was the result of 
a series of oxidation changes which were prevented by 
the exclusion of the outside air. This view held the 
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field until the development of bacteriology enabled a true 
explanation to be given. It is proposed in these lectures 
to submit the results of much exhaustive experimental 
work upon which I have been engaged, which it is hoped 
has carried our knowledge a stage further and thrown 
light upon some of the fundamental factors involved. 

THE PRINCIPLES INVOLVED IN THE 
METHODS OF MANUFACTURE 

It would occupy several lectures to give even an 
abridged account of the methods of preparation of the 
different varieties of canned foods. Fortunately such 
an account is not necessary to the scope of these lectures 
but it is essential to devote a little time to the principles 
involved which have a direct bearing upon the Public 
Health aspects of the subject. 

The raw material. Outside the trade it is not gene¬ 
rally realized how essential it is to obtain the right 
qualities of food for canning. This applies to nearly 
every kind of food canned. For example with sardines 
great care has to be taken to preserve the fish with an 
empty alimentary canal and they are usually kept alive 
in the weirs for 24 hours to free them from feed. 
Specially lean beasts alone are employed for meat can¬ 
ning and the use of the fattened Christmas ox would 
ruin the most careful meat canner owing to the unsightly 
over-fatty product. Equal care has to be taken with ' 
vegetables and fruit so much so that the most success¬ 
ful canners have become their own farmers and either 
grow or rigidly control their own supplies. Growing 
corn for canning must be watched almost daily so as to 
cut it when precisely ripe and soft enough. Freshness 
not only may affect the bacterial content but also the 
trade value of the finished product. Peas and beans 
for instance, stored if only for a few hours become less 
delicate and sweet. Special grades of fruit and vegetables 
are selected and grown specially for canning purposes. 
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Treatment at the factory before the food goes into 
the tin. The processes vary greatly according to the 
food packed and only a few which have a sanitary 
bearing can be mentioned. An important point is the 
continued introduction of machinery which diminishes 
handling. This markedly reduces the liability to bac¬ 
terial contamination of the food while in the factory. 
The actual transfer of the food into the cans is frequently 
done by hand but otherwise there is often no handling 
at all. 

A second point is that at some part of these stages 
the food often undergoes some heating. Sardines for 
example are distributed singly on trays by machinery 
and then cooked in single chambered steam heated 
ovens. Meat is partially cooked before filling into the 
cans. Many vegetables and fruit are “blanched” by hot 
water. Milk is pasteurized and often heated to tempera¬ 
tures above those ordinarily used in pasteurization. 

These processes of preliminary heating are not, for 
the most part, devised to kill any bacteria present and 
they do not in any degree effect sterilization but they 
do kill out a good many organisms. 

Steps to exclude air after closure of the tin. This 
is technically known as “exhausting” and from the 
sanitary point of view has two important advantages. 
It excludes air and it leaves a vacuum in the finished 
product. It will be shown later on that the exclusion 
of air is of primary importance in relation to spoilage 
while the methods of the Food inspectors to judge be¬ 
tween sound and unsound tins are largely based upon 
the detection of this vacuum. Except for milk, and but 
little for sardines, all tinned foods should show, if sound, 
some vacuum within the tin. Apart from meat this is 
always obtained by the food being hot before the tin is 
hermetically closed. With some foods such as corn, 
peas or other vegetables a special process is not neces¬ 
sary as either the food is heated in the preparation or 
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hot brine is added but with others the heating is obtained 
by passing the tins before closure in orderly sequence 
through boxes filled with steam. For meat the older 
practice was to pass through such an “ exhaust box ” 
but the plan now usually followed is to obtain the vacuum 
by the use of a vacuum sealing machine in which the 
air is sucked out by connection to an exhaust pump, 
the tins being sealed in the machine. 

Addition of adjuvants. These are added to a good 
many foods, examples being tomato purde to herrings 
and sardines, olive oil or mustard sauce to sardines, 
syrup to most fruits, brine to many vegetables, meat 
jelly to meat, saccharose to milk. It is important that 
these should be free from living bacteria or moulds 
while they materially affect the potentialities for bacterial 
growth of the food. 

The containers and the methods of closure. Both 
the quality of the container used and the efficiency of 
its hermetical closure are of immense technical import¬ 
ance. A bad quality of tin plate will cause great loss 
from pin-holing, action of the food (fruit especially) 
upon the metal and other defects resulting in spoilage. 
The most used type of can has an open top, the lid being 
fixed on by bending the edges of the top of the can 
and the flange of the lid by passing it through a double 
seamer machine. The joint so made should be air tight 
but usually requires some form of gasket (paper, rubber 
composition etc.) to be used to fill up the interstices to 
make it so. A leaky joint is a common cause of spoilage. 

“ Processing.” This is a stage of primary importance 
in relation to bacterial soundness and is only omitted 
for sweetened condensed milk where the sugar added 
is relied upon to maintain soundness. It is the technical 
term applied in the trade to the final heating given to 
the product in the can after it has been hermetically 
sealed and is designed to render the product safe from 
subsequent bacterial decomposition. It is supposed to 
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sterilize the product, i.e. to render it free from living 
bacteria but it will be shown in Lecture 2 that this 
object is only attained in a proportion of cases. It is 
by no means the simple problem it is often supposed 
to be of the application of a definite degree of heat for 
a given time with the resultant of a sterile product. 
The factors governing its efficiency are of extreme 
complexity and are discussed in some detail in Appendix 
No. I. 

The tins are cooled directly after heating and should 
be incubated and examined after storage to see if they 
remain sound. 

From these brief notes it is evident that while the 
actual principles involved are few and definite the 
technical difficulties are numerous and troublesome. 
It is only after a long pupillage that the industry has 
been established on its present sound commercial basis. 

GROWTH AND EXTENT OF THE INDUSTRY 

It is a matter of considerable difficulty to obtain full 
information as to the amount of canned foods prepared 
in the world and as to the amount consumed in this 
country. The Board of Trade tables of imports of 
canned foods are no guide to the amount of imported 
canned foods consumed because a material proportion 
of the goods so scheduled are re-exported without being 
further dealt with in this country. The most useful guide 
to the amount of imported canned foods consumed is 
obtained from the following table, abstracted from the 
Board of Trade returns, and which shows the quantities 
retained in this country. It is not an absolute index of 
the imported tinned food consumed in the particular 
year indicated because there are likely to be some 
variations in the stocks held in wholesalers’ and retailers’ 
hands at the beginning and at the end of the year but 
the correction cannot be large and does not affect the 
essential accuracy of the figures. 
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Table I 


Total quantities of Foreign and Colonial canned foods retained 
in the United Kingdom. {^Figures in cwtsi) 


Canned Food 

Year 1913 

Year 1920 

Year 192T 

Beef (including tongues) ... 

1 

■ available 

93.176 

337,429 

Mutton (including tongues) 

130,861 

48,261 

Meat (not otherwise specified) ... 

63,147 

64,849 

Marine products: 

Herrings. 

_1 

12,633 

8,192 

Sardines. 

171.545^ 

_2 

49,146 

Salmon ... . 

525,850 

781,819 

514,851 

Lobsters.. 

12,336 

14,435 

26,277 

Other sorts . 

31.370 

42,861 

1,275,853 

54,822 

Fruit (canned and bottled) 

852,019 

1,319,572 

Vegetables (canned and bottled)*... 

462,330 

446,243 

447,213 

Milk: unsweetened . 

39.065 

89,050 

558,625 

„ sweetened, whole. 

„ „ separated or 

skimmed 

465,287 

1,226,303 

670,784 

719,696 

462,725 

871,924 


No figures are available as to the extent to which 
canned foods are manufactured in this country. The 
following table shows that a certain quantity is exported. 


Table II 

Exports of canmd foods manufactured in the United Kingdom. 
{Figures in cwts.) 


Canned food 

Year 1920 

Year 1921 

Meats . 

Marine products: herrings . 

„ „ other sorts . 

Fruit (canned and bottled) . 

Vegetables (canned and bottled) 

Milk: unsweetened . 

„ sweetened, whole. 

„ „ separated or skimmed 

10,564 

189,018 

27,456 

2,888 

3,090 

5,116 

53,576 

861 

12,550 

66,571 

7,762 

2,308 

2,825 

13.569 

22,727 


^ Included in “other sorts” in 1913. 

2 Re-exports in excess of imports, ^ includes “Brisling” in 1913. 
^ Tomatoes are included as vegetables. 
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It is of interest to follow out the places of manufacture 
of these imports. This cannot be given for the net 
imports but it is available for the year 1920 for the 
total imports, i.e. inclusive of the canned foods which 
are not retained but are exported again. These figures 
however are more valuable when it is merely a question 
of indicating the countries of manufacture. The follow¬ 
ing tables are abstracted from Vol. 11 , Table I, of the 
Board of Trade Annual Statement. 

Table III 


Imports of canned meats: year 1920. {Figures in cwts.) 


Source 

Beef 

Mutton 

^Rabbit 

Meat not other¬ 
wise specified 

United States of America 

South America. 

Other foreign countries... 

Australia.. 

New Zealand . 

Canada . 

Other British possessions 

58,069 

381,858 

29,563 

161,658 

64,404 

10,857 

6,952 

2,642 

10,258 

327 

96,393 

30,796 

506 

3 » 4 I 2 

4 

28,978 

16,772 

} « 

45,573 

8,903 

4,145 

3,212 

668 

8,646 

937 

Total . 

713,361 

144,334 

45,797 

72,084 


Table IV 

Imports of canned marine products: year 1920. {Figures in cwtsi) 


Source 

Herrings 

Sardines 

Salmon 

Lobster 

Other sorts 

Norway 

14,652 

_ 

_ 


43,100 

France. 

465 

17,358 

— 

29 

3,510 

Portugal . 

— 

47,607 

— 

— 

— 

U.S.A. 

— 

445 

325,455 

— 

9,903 

Japan . 

— 

— 

354,248 

— 

2,657 

Canada . 

_ 

— 

156,638 

23,439 

— 

Other British posses¬ 






sions . 

— 

— 

306 

1,547 

36,869 

Other foreign countries 

344 

5,178 

13,297 

20 

11,341 

Total ... 

15,461 

70,588 

849,944 

25,035 

107,380 
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Table V 


Condensed milk and fruit importsyear 1920. {Figures in cwtsi) 


Source 

U nswcelcncd 

Norway . 

2.887 

Denmark . 

189 

Netherlands . 

425 

France.. 

257 

Switzerland . 

3,116 

246,735 

U.S.A. 

Other Foreign Countries 
Straits Settlements and 

2,061 

Dependencies 

0 

Australia . 

0 

New Zealand. 

0 

Canada. 

Other British Posses¬ 

13,361 

sions . 

0 


Sweetened 

(whole) 

Sweetened 
(separated or 
skimmed) 

Fruit 

(canned and 
bottled) 

3,114 

2,483 

_1 

16,038 

34,883 

_1 

60,444 

419,308 

19,649 

30,262 

25 

19,892 

22,667 


_1 


4,145 

732,986 

40>986 

1,569 

187,61611 

6,841 



164,626 

12,298 



89,460 

7,125 



_3 

210,128 


- 2,171 

100,366 

1,122 



5,387 


The following figures give a good idea of the ex¬ 
tension of the industry in U.S.A. but figures for the 
last few years are not available. 

Table VI‘ 


Ihoduct 

figures per 

1899 

1904 

1909 

1914 

1917 

Tomatoes . 

million cases 

8*7 

9*4 

12*9 

i6*2 

15*1 

Vegetables (excluding 


io’6 


19*8 


38-6 

tomatoes). 


20-2 

32-9 

Fruit (excluding to- 



4*6 



15*3 

matoes) . 


4-5 

5*5 

9*4 

Marine products 

million lbs. 

117*2 

207*0 

235’4 

— 

— 

Meats. 

11 

112-4 

— 

121*4 

— 

— 

Sweetened condensed 



I 9 B *3 




milk. 

79 

j-1 86-9 

214-5 

— 

— 

Unsweetened con¬ 
densed milk 

77 

IIO’I 

280*3 

— 



' Included with “Other Foreijin Countries.”^ 

* Includes 116,077 cwts. imported from Spain. 

® Included with “Other British Possessions.” _ r- j 

^ Compiled from Report of the Federal Trade Commission on Canned 
Foods, May 1918, Washinj^ton, U.S.A., and U.S.A. Department of Agri¬ 
culture Bulletin, No. 195, “Methods followed in the Commercial Canning 
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Corn, peas and tomatoes are typical U.S.A. canned 
products and the following figures from reports of the 
National Canners Association are of interest as showing 
the increase in the quantities canned. The tomato 
figures do not correspond exactly with those in the last 
table, probably due to the inclusion of tomato purde in 
one case and not in the other. 

Table VII 

Figures per million cases. 


Year 

Corn 

Peas 

Tomatoes 

1908 

6*8 

S -6 

11*5 

1909 

5*8 

5*0 

11*0 

1910 

10*0 

4*4 

9*2 

1911 

14*3 

4*5 

97 

1912 

13*1 

7*0 

14*0 

X913 

7*3 

8*8 

14*2 

1914 

9-8 

8*8 

15*2 

1915 

lOT 

9*3 

8-5 

1916 

9*1 

67 

13*1 

1917 

10*8 

9*8 

15T 

1918 

117 

11*0 

15*9 

1919 

i 3’6 

87 

10*8 

1920 

15-0 

12*3 

11*4 


The only figures available to me showing the amount 
of canned foods manufactured in the country are for 
milk and for the year 1919 only. The Interdepartmental 
Committee Report on Condensed Milk gives the follow- 
ing figures. 

Skimmed sweetened condensed milk 127,942 cwts. 
Full cream ,, „ ,, 1,199,705 cwts. 

Unsweetened condensed milk 84,028 cwts. 

Although the figures are incomplete they show clearly 
how very large is the canned food industry and how 
material a part it contributes to the food supply of this 
country. While the importations of some classes of foods 

_^ _ 1___1*_ Ia.. __n__ .L_ 
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that not only is an increasing variety of foods being 
canned but that more and more of each kind is canned. 
The 1918 U.S.A. Report on Canned Foods states that 
the Census of 1914 showed 4220 canning establish¬ 
ments in that country with 88,069 persons engaged. 

The general increase in the industry year by year 
suggests that we cannot regard the figures reached as 
the maximum and that we shall have to look forward to 
yet further developments in the number of foods canned 
with a still larger output of this type of preserved food. 

It will be convenient here to consider to what extent 
this industry is likely to extend in Great Britain. Since 
this country is one which has to import a material pro¬ 
portion of its food supply it is obvious that it will not 
develop into a great canning centre. There are how¬ 
ever certain foods which do offer scope for canning. Of 
these fish is the most important, since certain species 
of fish are at times considerably more abundant than 
can be disposed of in their fresh condition. A certain 
amount of fish is canned in this country but the diffi¬ 
culties of establishing the business on a commercial 
footing are many and considerable. 

Sprats and herrings are fish which have received 
careful consideration as possibly suitable to “can” in 
this country. An incomplete account of the British 
Canned Fish Industry, with some discussion on the 
possibility of its extension, has recently been published 
by Professor Johnstone* (1921). As he there points 
out at no place on the British coasts could a cannery 
depend on local supplies of freshly-caught fish through¬ 
out the year. The heavy cost of land transport makes 
it impracticable to transport fish to a fixed cannery, say 
on the East Coast, from other fishery ports in England 
where the fish might be at any one time plentiful. 
There is no doubt that one, and probably the main, 
difficulty is the fact that the season of abundance at 

1 The references are given in the bibliography at the end. 
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any one part of the British coast is a very short one 
and therefore a fish canning factory would only be 
running for a very short period. This period could be 
lengthened a little by changing over and canning more 
than one kind of fish but this introduces complications 
which add to the cost. The possibility of temporarily 
preserving superfluous fish in brine or by other means 
and so evening and spreading out the canning period 
has been considered, but the experimental work done, 
discussed by Johnstone (loc. cit.), is not encouraging. 

Seasonal difficulties occur however in other countries 
and have been overcome. For example the flourishing 
sardine canning industry which centres round Eastport 
(Maine State, U.S.A.) has to contend with a marked 
seasonal fluctuation. 

There is also a possible method of dealing with the 
problem of abundance of fish for several weeks at 
different centres on the British coast which might be 
worth consideration. If the fish cannot be conveyed 
profitably to the cannery the cannery might go to the 
fish. In salmon canning the most recent type of fish 
cannery is a vessel which is floated to a point near the 
fishing grounds. It is possible to fit up a cannery on a 
vessel and it might be feasible to move it to the places 
of fish abundance and can there until the supply is 
exhausted. 

Of other products, a considerable amount of sweetened 
and some unsweetened condensed milk is prepared in 
this country and is a valuable means for dealing with 
surplus spring and summer supplies of milk. In addition 
a good deal of made up meat products are put up in 
glass or metal retainers and a certain amount of fruit is 
bottled or canned. 

Speaking generally, however, the volume of food 
preserved by canning or bottling in this country is 
inconsiderable compared with the total amount so pre¬ 
served. 
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SUPERVISION EXERCISED OVER 
CANNED FOODS 

Apart from the magnitude of the industry there are 
special reasons why this class of foods needs supervision 
in addition to that provided under the ordinary regula¬ 
tions controlling food generally. Of these reasons the 
most important is that they are mostly made up pro¬ 
ducts and consequently the use of unsound constituents 
is less easily detected than if the whole product alone 
was available. This can best be brought out by a few 
examples. 11 is well known that the detection of diseased 
conditions in meat is facilitated by an examination of 
the viscera, indeed such detection may be impossible 
without. The musculature of highly diseased animals 
may show no obtrusive signs although bacterially in¬ 
fective, the whole of the gross lesions being concentrated 
in the viscera and other internal organs. In canned meat 
only the carcase is used and no one can reliably detect 
from the contents of a tin whether the animal from 
which it was derived was healthy or not. Apart from 
bacteriological examination of the milk from each indi¬ 
vidual tin, and that may be ineffective due to steriliza¬ 
tion, there is no means of ascertaining if it came from 
diseased cows, unless the milk was markedly altered in 
consistency. Another reason for special supervision is 
the difficulty of detecting the use of damaged products 
in a state of incipient putrefaction. This more particu¬ 
larly applies to fish. The “processing” given may 
result in a sterile product but not free from the products 
of putrefaction or other bacterial change and the heat 
changes may so alter the product that it is a matter of 
the greatest difficulty to determine the precise condition 
as regards the soundness of the product as canned. 

It will be shown in Lecture III that it is not very 
uncommon for a meat or fish product to retain, witli 
virulence unimpaired, the toxins of the Salmonella group 
and without any possibility of further detection by any 
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physical examination of the contents or of the outside 
of the retainer. 

The possibility of the use of insufficiently cleaned 
products is one which specially applies to Iruit and 
vegetables. Tomatoes for example are; often heavily 
earth contaminated and demand the most thorough 
washing. All earth laden fruit may convey the spores 
of B. botulinus and such canned products may sIujw no 
defects externally and comparativtdy little wlu*n opened 
and tixamined. 

Lastly it must be borne in mind that there an? pre¬ 
served foods which may and often are kept for prolonged 
periods. During that time the po.ssihiliiy of prejudicial 
changes taking place in the contents or tht; atUlition of 
poisonous bodies such as tin from the rtjtainers must 
not be overlooked. 

For these various reasons it is obvious that .sonut 
special supervision is necessary and at different stages 
in the pa.s.sage of these foods from the raw product to 
the consumer. 

SUPERVISION AT THE SOURCE 

While canned foods are ma<le in many parts of the 
world the largest production is in the United .Siaie.s of 
America and .special attention is tlirected hen; to th<; 
conditions in that country. I am not in possession of 
’ the methods of supervision at the source; in othe.r 
countries although 1 have studied tlu;m at first luuul to 
some extent in Canada. As regards this country no 
.specird supervision is exercised. 'Hu; manufactun;rs of 
canned food products are liable to inspection und{;r the 
Public Health Laws and regulations in th<; .same way 
as other food product;r.s but there i.s no spt;cial code of 
regulations to conform to and no inspectorial staff set 
apart to supervise canned food i^nnlucts. A c(;rtain 
amount of canned food of various kiiuls is made in this 
country and in view of the .special needs for supervision 
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set out above it would certainly seem desirable that 
more attention should be devoted to their preparation. 
It is not enough to rely upon the high standards which 
manufacturers in this country have set and, so far as I 
have been able to judge, reach. 

It will I think be of interest to give a short account 
of methods in the United States of America since so 
much is imported from that country. 

Official supervision in the United States of America. 
This is complicated because there are two series of laws 
—those enforced by the Federal Government and those 
by the individual States. The Federal Laws which 
apply are the Food and Drugs Act 1906, and the Meat 
Inspection Act 1906. 

The Food and Drugs Act 1906 is a comprehensive 
Act which is enforced by the Bureau of Chemistry. It 
forbids the importation, the shipment in interstate or 
foreign commerce, or the manufacture and sale in any 
part of the United States of adulterated or misbranded 
foods or drugs. Under it a series of Regulations has 
been promulgated from time to time which constitute 
an extensive mass of enactments. Unlike the powers 
in the Meat Inspection Act it does not give authority 
for the continuous maintenance of inspectors in all es¬ 
tablishments manufacturing food products and nothing 
of this sort can be attempted. Under it, however, the 
Bureau does carry out a good deal of systematic in- * 
vestigation of plants where foods and drugs shipped in 
interstate commerce are made. The procedures adopted 
to maintain a high standard of food product are, in 
general, similar to those employed in this country and 
are the collection and analysis of samples of the product 
suspected of being in violation of the Act. If the results 
warrant further action, legad proceedings are taken. 

It will be noted that the Federal supervision is exer¬ 
cised only over foods and drugs passing from one State 
to another or shipped out of the country but has no 
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control over products made and sold within the con¬ 
fines of a single State. Circular 137 of the Bureau of 
Chemistry states that most of the States have food and 
drug laws similar in many respects to the Federal Act 
and designed to afford the same protection. 

The Meat Inspection Act of 1906 and the supple¬ 
mentary legislation in the tariff Act of 1913 gives 
extensive powers in regard to the Federal inspection 
of meat and meat products. The 1906 Act applies to 
the slaughtering, packing, rendering and meat-preparing 
in establishments which sell or ship their products in 
whole or in part in interstate or foreign commerce. It 
does not apply to establishments which only sell their 
products within the confines of a single State. 

This inspection is under the Bureau of Animal In¬ 
dustry and I am indebted to Dr J. R. Mohler, Chief 
of the Bureau, for the following particulars of their 
working. 

“Only meats which have been * Inspected and Passed^ and so marked 
and which are handled in accordance with the regulations may be ad¬ 
mitted into establishments where meats are canned for export. All meats 
are subject to identification and inspection at the time of admission and 
are reinspected from time to time to insure that only those which remain 
sound and wholesome and are handled in a sanitary manner are utilized 
for human food. 

All establishments which “can” export meats are required to have Federal 
inspection as prescribed by law and the regulations. These establishments 
are under the immediate supervision of Federal inspectors who personally 
• perform the inspections and see that there is due and satisfactory com¬ 
pliance with the regulations governing^ the sanitation of establishments 
and equipment, the cleanly handling of meats throughout, including stor¬ 
age, packing, processing, labelling, etc. 

The Federal meat inspection service has seven laboratories located at 
advantageous centres throughout the United States for the purpose of 
maintaining laboratory supervision over the operations of establishments 
where meats are prepared and canned. The laboratory inspection of 
canned meats is directly connected with the inspection within the estab¬ 
lishments. It begins with sampling all materials used in the preparation, 
curing and handling of meats, and includes examination of all curing 
substances, spices, condiments, etc. Every ingredient and all substances 
and materials used are subject to laboratory examination. The water 
supplies of establishments are examined at regular intervals to insure 
purity and potability. Samples of the finished canned meats are also 
examined from time to time to insure wholesomeness, proper sterilization 
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and processing, correctness of the statement of net weight and correctness 
of labelling.” , ,, r • • - 

Undoubtedly the Federal Meat Inspection service is 
one of the most (if not the most) complete systems of 
meat inspection in the world. Some 2500 employees, 
including veterinary, laboratory, and lay Inspectors, are 
continuously engaged in this work. Dr Mohlcr adds: 


“No meats are permitted to be exported unless the meats or containers 
thereof bear marks of Federal inspection and to all of the principal foreign 
countries they are accompanied by export certificates issued by the Secre¬ 
tary of Ag-riculture and countersigned by the inspector showing the incats 
to be from animals that were free from disease, and that they have been 
inspected and passed as sound and wholesome as provided by the law and 
regulations.” 

I have had some personal experience of this work in 
the stockyards of Chicago and was impressed with the 
careful control exercised and with the capacity of the 
Officers in charge of this very important branch of 


public health. 

While the supervision over meat is rigid, special 
Federal supervision does not appear to be exercised 
over fish and other products, but they come under the 
ordinary laws. The valuable (No. 9^^) issued 

in 1921 on the Maine sardine industry originated out of 
examinations of sardines under the Federal Food and 


Drugs Acts, and no special sanitary regulations are 
mentioned. 


Supervision by the trade. While trade Associations 
exist in many parts of the world they are mainly estab¬ 
lished for purely trade purposes, including the regulation 
of prices. The National Canners Association in U.S.A. 
has, however, done valuable work in connection with the 


improvement of the food products of their members 
along Public Health lines and in elucidating technical 
problems so that the following brief account of its ac¬ 
tivities will be of interest. 


National Canners Association inspections. This As¬ 
sociation has organized a system of inspection for the 
benefit of their constituents. The scheme is organized 
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“Om the Headquarters of the Association in Washington, 
is developed mainly on divisional or local lines. 

■ he Association has a separate Inspection service under 
direction of a National Director of Inspection with 
n Advisory Board composed of the National Director 
the directors of inspection of the several districts, 
he canning areas are marked out into territories which 
*ay or may not be coterminous with States. Each 
-rritory has its own staff of Directors with a number 
f Inspectors, and in some cases with a local laboratory 
staff. The general trend of the Inspection is to 
icure 

(a) That each factory shall be sanitary in construction 
id particularly as regards its working. 

( 3 ) That good quality food only shall be used. 

(c) That the grading shall be an accurate description 
id that cans shall be filled and contain a proper pro- 
irtion of the food. 

The Inspectors and Directors not only inspect but 
ve advice as regards the technical conduct of the 
lerations. 

The cost of the whole scheme is borne by the canners 
ho join the Association and is assessed at a charge 
:r case which varies from f25 to 2 cents per case. 

I n their byelaws stress is laid upon the qualifications 
quired to become a member of the Association. These 
elude that the firms which are members must conduct 
eir plants in a sanitary manner and use only whole- 
me raw products, and sterilized by the use of heat 
Dne and that no chemicals for preservative purposes 
ly be used. Members adversely reported upon in 
is connection are liable to be expelled from member- 
ip. 

The advantages to the canner are threefold: 

I. If everything is satisfactory certificates are issued, 
;ached to each case, that the goods have been inspected 
d packed under supervision. Canned goods with this 
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certificate fetch a higher price and this makes it worth 
the canner’s while to have them. 

2. It helps to bring up the whole quality of the par¬ 
ticular branch of canned goods packed and tends to 
prevent the sanitary packer who spends money on sani¬ 
tary premises from being prejudiced by the competition 
of those packers who are able to pack cheaper because 
they are less sanitary. 

3. He obtains the benefit of the advice and practical 
help of the scientific staff of the N.C.A. How valuable 
this help should be, and I believe is, is clear from a 
study of the admirable technical bulletins issued by the 
Association. 

During my visit to the United States in 1919 I had 
numerous opportunities of studying the work of this 
Association and of visiting factories run by membems of 
it, and also of those not members. I was very favour- 
aljly impressed with the influence it was e.xerting to 
improve the conditions under which tht; industry was 
carried on, while it was equally evidcuit that the sci<tntific 
studies on the different technical problems connected 
with canning were gradually removing the procedure 
from an empirical to a scientific basis. 

There are other Canning As.sociations in America, 
some of which are purely local, others only an association 
of packers of one particular commodity. I am not aware 
that any of these carry out any inspection work on the 
lines of the National Association, but they all lay stress 
upon their educational activities. How far any of these 
other trade associations are concerned in the question 
of the prices at which they are to sell their commodities 
I have no means of judging. As regards the National 
Canners Association their secretary, in a })er.sonal 
communication, lays stress upon the fact that they are 
in no way concerned in the question of prices nor do 
they exert any influence upon this factor. 
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CONTROL EXERCISED OVER CANNED FOODS AT 
THE PORTS OF ENTRY 

The considerable powers possessed by Port and other 
Dock-side Authorities are derived from the Unsound 
Food Regulations 1908. 

Article IV gives the Medical Officer of Health power 
to examine any article of food which has been landed 
within the district and, if necessary, before it has been 
landed. If the tinned food or other article examined is 
found to be unsound or unwholesome or unfit for human 
food the article may be seized and, after compliance 
with certain requirements, destroyed. Alternately he 
may serve a written notice requiring that the articles 
of food shall not be removed without permission from 
the place of examination, or from any other place speci¬ 
fied in the notice, until the article of food has been 
examined by a Justice. 

In practice powers of detention of a consignment are 
more used than seizure since the latter involves the 
carrying away of the articles. As worked this section 
is read as if it permitted the detention of the whole of 
a consignment when it has been ascertained that a cer¬ 
tain proportion of the tins composing it are unsound. 
A printed notice is served requiring the detention of 
the whole batch pending its detailed examination. 

Article VIII gives powers of sampling. It also 
provides, pending the examination of such a sample, 
that the person in charge of the consignment shall not 
distribute it but afford facilities for its detailed examina¬ 
tion within a reasonable period by the M.O.H. or his 
assistants. 

While these powers are useful they do not give any 
very extensive control over imported canned foods. 

This will be clearer if a short description is given as 
to what happens in actual practice in such a large port 
as London. At least three different procedures may be 
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followed with a ship containing consignments of canned 
foods. 

It may go direct to one of the widely scattered docks 
in London and discharge its cargo there. In this case 
the responsibility for its examination rests with the 
Port of London Sanitary Authority. It may go direct 
to a wharfside and discharge its cargo directly on to 
the wharf and the onus of being satisfied as to the satis¬ 
factory condition of the consignment is then on the 
Local Authority in whose area the wharf is situatetL 
In the third place it may discharge its canned food 
consignment by barge from the ship in the river or 
from within the dock. In either case the res[)onsibility 
for the purity of the food is on the Authority in whose 
area the wharf is situated. 

In practice a considerable amount of intercommunica¬ 
tion takes place between the different London Riverside 
Sanitary Authorities concerned and the Port of London 
Sanitary Authority under a series of joint orders. 

These differences are of practical imj^ortance bttcaiise 
the main source of information of the Local Authority 
is from the Bills of Lading (Bill A). When the ship 
directly discharges at dock side or along a wharf these 
are available but they are not wh(;n the goods are 
discharged by barge without coming alongside. I n the 
latter event it is po.ssible for a considerable parcel of 
canned goods to be brought into the area of a Rivetrside 
Authority without any official information beingreceived, 
and they would have to rely upon the goods l)eing noted 
by the Food Inspector in his routine and special visits 
to the wharfs and warehouses. 

There is no obligation on the part of any importer 
to notify the Port or Local Sanitary Authority of the 
fact that goods are being landed. 

One indirect source of information is however avail¬ 
able, and is of some utility. The Port Authorities and 
H.M. Customs usually work in co-operation, and it is 
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the practice of the latter to notify the former of all 
defective consignments of canned goods which appear 
to them to require examination. 

Another source of information which is valuable and 
considerably utilized is the results of examinations of 
canned goods made by and for the trade. It is a common, 
but by no means an invariable, practice for importers 
to buy this type of food on the basis of a ten per cent, 
or other percentage examination. On the results of 
such an examination an allowance is made for defective 
tins. 

These examinations are made by persons employed 
by the wharf owners, who usually act as agents in this 
matter, and whose staff, although working on rule of 
thumb lines, obtain a high degree of expertness in the 
work. Their rejections are not, as I have shown in 
several special reports, accurate as regards tins with 
sound and unsound contents, but they are accurate as 
regards sound and unsound tins. In effect their exami¬ 
nation results in the rejection of all tins which are 
imperfect in any way and which in fact are tins which 
the wholesale buyer would reject as unsound and liable 
to be thrown back on his hands by the retail buyer. 

While the results of these examinations generally do 
come to the notice of the Inspectors of the Port or 
Local Sanitary Authorities there are no powers to de¬ 
mand this information and no obligation to supply it. 

In practice if the Food Inspector finds the proportion 
of rejects to be a high one, and the definition of “high” 
varies in the different ports and to a certain extent with 
the class of food canned, he suggests the need for a 
complete examination of the whole consignment which 
he generally supervises but rarely carries out himself. 
As already explained the whole consignment is detained 
at the wharf pending such an examination, but there does 
not appear to be any legal authority for such detention. 
It is more a matter of good will and expediency. 
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It is true Section IV gives powers of detention but 
this is only when, after examination, the Medical Officer 
of Health is of opinion that a particular artidt; of food 
is unsound or unwholesome or unfit for human food. It 
is at least very doubtful whether this gives legal sanction 
for the detention of a consignnKmt which is a mixture 
of good and bad tins. He has not examimsl all the tins 
and the powers of detention only apply to a sjx^cific 
article after it has been examined. 

The working of the Regulations is an inten-sting 
illustration of a feature common in Public 1 lealth acl- 
ministration, i.e. of a defective legal maclnnery which 
by the exercise of common sense and gootl will is yet 
in practice a valuable workable sclK.mne of control. 'I'o 
the outsider it does, however, exhibit many flaws and 
possibilities of complete lack of control. 

There is, for example, no obligation at all on a Port 
or Local Sanitary Authority to examine coiisignments 
of canned foods. There may be wide differtaices of 
procedure and complete lack of uniformity. One 
Authority may be la.x in inspection work and gnaitly 
understaffed and become known in the trade as a suitable 
depository for poor quality canned goods. Th<;re appears 
to be nothing to prevent a low grade and deft;ctiv(; 
parcel of canned food from being landed by bargx; on 
to a wharf, never coming to the official or actual 
cognizance of the Local Authority Officers, not being 
exarnined at all by anyone at the wharf and then being 
distributed through the country. As the Port and Local 
Sanitary Authorities are now staffed it is not possible 
for them themselves to examine more than a small 
percentage of the tins which come into the area of their 
Authority. 

It would certainly seem desirable that the owners of 
all canned goods admitted into this country should be 
cornpelled to supply information of the consignment 
giving the source, nature of food packed, and the 
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quantity. This information has to be supplied to the 
Customs Authority by the shipowners and with very 
little trouble could be sent also to the Riverside Sanitary 
Authority concerned. 

It is desirable that the results of the trade examina¬ 
tions should be notified to the Port and Local Sanitary 
Riverside Authority, but it is hardly reasonable to 
suggest a legal compulsion since after all it is done 
solely for trade purposes, and the obvious retort of the 
trade would be that if the Local Authority want this 
information they have powers of examination and let 
them come and do their own work. This therefore 
must remain a matter of good will, while if it was pressed 
it would possibly become the practice to sell the goods 
without any examination at all. 

Definite legal powers to detain a suspected consign¬ 
ment pending sorting out of the sound from the unsound 
are required. 

Supervision after distribution. There are no regula¬ 
tions in this country dealing specially with the super¬ 
vision of canned foods or any official documents setting 
out the criteria which should govern their condemnation. 
They can be, and are, dealt with under the laws which 
govern foods generally. If, for example, they are found 
unfit they can be seized, condemned by a magistrate and, 
if thought fit, legal action taken against the vendor. 

' The Health Officers of Local Authorities, which are 
not also Riverside Authorities, are not, in my experience, 
well versed in the special technical points which affect 
judgment of canned foods. There is need for the dif¬ 
fusion of more expert information as to the criteria upon 
which to judge an unopened tin and in regard to the 
information which such an examination can yield as to 
the character and wholesomeness of its contents. 
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THE VALUE AND LIMITATIONS OF THE 
CONTROL EXERCISED 

It will be appreciated that one way and another 
canned foods receive a good deal of supervision. In 
this country the most important line of defence is the 
work done at the Ports of entry. It is therefore of 
importance to consider critically its reliability and value. 

In the first place it is evident from the descriptions 
given that while a good deal of the canned food im¬ 
ported into this country does not receive .systematic 
inspection the supervision given is a valuable check 
upon the importation of consignments of unsound canned 
food. It has not yet been considered as to how far the 
actual Inspection methods practised in this country are 
satisfactory and reliable. If perfect they should on the 
one hand be capable of eliminating every tin the con¬ 
tents of which contained harmful bacteria, were decom¬ 
posed, or contained metals in poisonous amount or were 
otherwise prejudicial, while on the other hand they 
should enable every tin with sound contents to be passed 
and so prevent the wastage of valuable food. 

It may be said at once that they are very far from 
yielding results approaching these desiderata. They 
are inadequate to detect the presence of harmful bacteria 
or their toxins when these bacilli do not produce de¬ 
composition or fermentative changes; they are unable 
to detect the presence of chemical poisons from an’ 
examination of the unopened tin. Thus they fail, and 
must fail with our present knowledge, to detect the really 
dangerous tins and any claim of this sort must be 
abandoned though it is sometimes advanced. It has 
however been claimed for the methods of examination 
practised that they do differentiate between the tin with 
undecomposed sound contents and the one in which 
the food has begun to break down and decompose. 

The value of any such claim can only be judged 
by comparative investigation and critical study of the 
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contents of passed and rejected tins. This has been 
specially investigated by me and the results are contained 
in a series of reports issued by the Food Investigation 
Board (see Bibliography). It will only be possible here 
to draw attention to the general results obtained. 

It may be mentioned that the methods of examination 
employed strikingly resemble those used by a doctor for 
the physical examination of the human chest and include 
inspection, palpation, percussion and auscultation in 
the form of shake sound, etc. All are employed for 
meat and fish and most of them for other varieties of 
canned foods, but the stress laid upon the different tests 
is materially different for the different classes of foods. 
For example with meat the percussion note is of primary 
significance while with fruit, consisting as it does of a 
mixture of solids and liquids this note is of very little 
utility. 

The following table gives in a very condensed form 
the results of the examinations carried out by my 
colleagues and myself. 

Table VIII 


Product 

Number of 
samples examined 

Number in which 
judgment of Food 
Inspector correct 

Percentage in 
which judgment 
correct 

Passed 

Rejected 

Total 

Passed 

Rejected 

Total 

Passed 

Rejected 

Total 

Meat. 

16 

57 

73 

15 

15 

30 

94 

26 

41 

Salmon 

II 

44 

55 

II 

25 

36 

100 

57 

65*5 

Sardines 

6 

25 

31 

5 

Ii 

16 

83 

44 

51 

Herrings 

5 

14 

19 

5 

8 

13 

100 

57 

68 

Crustacea 

I 

43 

44 

0 

32 

32 

0 

74 

73 

Sweetened I 










condensed milkj 

I 

44 

45 

0 

39 

39 

0 

89 

87 

Unsweetened j 










condensed milk) 

6 

51 

57 

5 

47 

52 

83 

92 

91 

Fruit. 

8 

99 

107 

8 

88 

96 

100 

89 

90 

Total 

54 

377 

431 

49 

265 

314 

91 

70 

73 
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Note to table. The cnistac'ca comprise cral), lo!)ster aiu! crayfish. I'he 
figures only relate to suspeetetl samples which were examimHl atul rt'jectetl 
or passed by the Fo(hI Inspectors. 'rh<i 54 tins which were pass<si !)y the 
Food Inspectors were all tins which wen* n‘jc‘cted as (hdtn tive hy tlu! 
Trade Kxaininer.s. 'fhe correctness of the jndgineiU givam was obtained 
after a very full e.xarnination of the contents, i.e. physical appearance and 
characters when opened, full detailed bacteriological examination ami 
chemical analysis. 

While the table is inU;restin}4' thecnuli^ lij^urt's cannot 
be utilized to com[)are the r(‘lial)ilily of the iiK'thocls for 
one product as aji^ainst anotlutr, the sainplinj^ not latinjjf 
comparable, b'or some of the foods a .sp(tcial sehuaion 
of doubtful and difficult tins was made, h'or a detailed 
discassion of the value and difficulties of the e.xainina- 
tion the different reports must be consulted. 

What the table tloes brinjjf out very clearly is that a 
very considerable nuniher of tins with sound contents 
is rejected by the present methods, d'he suliject is com¬ 
plicated and involves th(; discu.ssion of physical laws, 
but it may be said here that while certain defects such 
for example as a "blown” tin are definiU’ly associated 
with decomposition chanties, other physical conditions 
such as an abnormal shake, .sound, or a “sprinj,>'y’’ con¬ 
dition of the metal container may be due to many 
cau.ses only .some of which are associated with con¬ 
ditions which nmder the contiuits un.sound. 

While somethinjj;' can he done to re.duce the <lis- 
crepancy between rejections and comlition of contents , 
the differences are larj^ely beyoiul control unless im¬ 
proved methods of examination can be devised. 'I'he 
pre.sent methods of examination very rarely result in 
the pa.ssing of a tin the contents of which are decom- 
po-sed but they do result in the rejection of large 
numbers of .samples which are perfectly good. For 
some foods the percentage of sound sami)les condemned 
is not high enough to matter, but with other foods, such 
as meat and fish, there is a discntpancy which in practice 
leads to the loss of a considerabht quantity of .sound 
food. It is possible to reduce this wastiige by appropriate 
means including the extension bf lafeortitbry facilities for 





RELATION TO HEALTH 


29 


examination and a closer co-ordination between labora¬ 
tory examinations and the work of the Medical Officers 
of Health and their Food Inspectors. 


CERTAIN SPECIAL POINTS RELATING TO 
INFORMATION ON THE TINS 

In connection with the supervision and control of 
canned foods there are certain points which crop up 
and which are of great practical importance. 

Labelling. In connection with the elucidation of 
outbreaks of food poisoning and for other purposes it 
is sometimes desirable to trace the whole of a particular 
consignment. One obstacle to this course is the unsatis¬ 
factory position as regards labelling. A good deal of 
canned food, and that often of lower grade, reaches this 
country unlabelled and is so purchased. Such a con¬ 
signment may be all purchased by one firm and then 
divided up and sold to several firms. Each firm then 
puts on its own fancy label and particular designation, 
sometimes without any real guarantee as to the quality 
and purity of the contents. In other words the same 
pack of canned food may be vended under several 
quite different labels and be difficult to trace. 

The converse may occur and be equally unsatisfac¬ 
tory. A firm in this country by lavish advertisement 
'may acquire a reputation for a particular brand. It may 
be, for example, a particular brand of salmon which it 
buys unlabelled and then labels with its own fancy title. 
Its next purchase may be the same type of fish but may 
not be of the same quality or even from the same fac¬ 
tory. It gets exactly the same label and may be sold side 
by side with the other. In other words the same label 
may cover different qualities of contents and packed at 
very different times or on the other hand one pack of 
canned food may be vended under seyeral- different 
labels. > 1' Pi ■ J . • ■ " 

2.531 . -i-f 
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Many canners do adopt a coding system which en¬ 
ables them to identify each can with the batch with 
which it was processed. I'his is valuabk; to the canner 
from the commercial point of view but it is a private 
system and is not available to cather the Local Public 
Health or Central Health Authority who may wish to 
stop a whole consignment, one tin of which for example 
has caused an outbreak of botulism. 

The actual source and local place of canning of the 
product should be stamped on the tin to facilitate icU;n- 
tification. This need not be in full, but sufficieiu for 
identification through the Ministry of Health or other 
central authority. 

Absence of date of canning. Considerable controversy 
has taken place over the question of the desirability of 
requiring the date of canning to be indicated on the 
tins. Many Public Health authorities have advocated 
this as desirable while the trade as a whok: takes strong 
exception to any svich requirement. 1 have <liscussed 
this matter with large scide canners in U..S.A. and 
heard their side of the (piestion. Summed up their 
main contention is that it is unnecessary ami miskiading. 
If an article is canned properly then it is sterile and 
will keep indefinitely and is therefore just as good years 
hence. To enforce a date stamp would mean in practice 
that the public, being uneducated as to the keeping 
qualities of canned goods, would demand thost; only 
recently canned, and goods perfectly sound but not 
recently made would be rejected and thrown back upon 
the producers. This in effect would mean an increase 
in the price of canned goods to cover the lo.ss. They 
also refer to the fact well known in the trade that 
certain canned foods, for example .sardines, improve with 
age and that a well matured tin is preferable to a freshly 
canned one. 

The argument is specious but depends upon two 
considerations for its validity. One is that the public 
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is not educable, the other that canned goods do not 
deteriorate with time. 

As regards the first point I do not think the public 
will trouble itself at all about the matter so long as the 
contents are good. If the contents after opening are 
found unsound, the purchaser would doubtless regard 
the fact that the tin was an old one as an aggravation 
of the matter, but I think he would be justified and that 
does not touch the argument. It is of interest and 
significance that during the war one requirement of the 
British Government, at least for some canned goods 
purchased, was that the date of preparation should be 
stamped on the tin, and I am unaware of any incon¬ 
venience or loss resulting from the practice. 

Dealing with the second point it will be shown in 
the next lecture that canned foods cannot be regarded 
as sterile foods and that in many foods changes in con¬ 
sequence do result with time. There is considerable 
evidence that the “maturation” changes which slowly 
result in some canned foods are largely due to bacterial 
activities. These may or may not be beneficial or at 
least harmless, but we do not know. We are certainly 
not in a position to affirm that the contents of a several 
years old tin of canned food are just as good as the 
contents of a recently canned tin. There is no evidence 
either way, but dating the goods may help in obtaining it. 
'Further in certain directions there is definite evidence 
that inimical changes do result from prolonged .storage. 
For instance condensed milk, especially the sweetened 
type, definitely and markedly deteriorates with time, 
particularly at high temperatures. The solution of tin 
is directly influenced by the time factor. In very old tins 
it is possible for a large amount of tin to be dissolved 
by foods, such as fruits and fish, which act upon the 
container. The food may become actively poisonous 
(see Lecture III). 

Also we have to realize that the vitamin content of 
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canned foods is influenced by time, and while the freshly 
made canned food may retain the greater part of its 
original content in vitamins storage will diminish and in 
time remove them. 

While therefore it may be true that for some foods 
age does not prejudicially interfere with their quality 
it is not generally true, and a strong case can be made 
out for requiring that the date of preparation should be 
stamped on all tins of canned food made in or imported 
into this country. 

Not only should the date be stamped but some code 
mark, disclosed to the Ministry of Health, whereby the 
tin can be traced back to the actual canning factory. 
If the canned foods are perfectly wholesome the trade 
has nothing to fear from such a requirement. 

Repainting and touching up of damaged canned 
goods. This seems not uncommon as in connection 
with my studies at the Ports of entry I have several 
times come across the practice. A consignment is 
damaged by salt water, by labels being put on too wet 
etc., and a large proportion of the cans become rusty 
and unsightly. The labels are scraped off, the paint 
washed off, the tins examined and those which do not 
show rust holes are repainted and relabelled “as good 
as new.” The practice is not desirable without dis¬ 
closure to the Health authority since it is probable that 
many pin point leaks from rusting will be left and it will 
be shown in Lecture II that this air admission is a 
serious matter as regards spoilage. Incubation of the 
tins for some time before release seems desirable. 

Standards as to chemical composition. Canned foods 
have come to stay and ultimately a good deal more 
attention will have to be paid to this question. In any 
case it should be obligatory for the net weight of the 
contents to be clearly marked on the tin or label. At 
the present time the only chemical standards of pressing 
importance are in regard to condensed milks. For both 
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sweetened and unsweetened condensed milk there exists 
great variations as regards the degree of concentration 
of both and of the percentage of sugar for the sweetened 
variety. It should not, for example, be left to the public 
to try and discriminate between an unsweetened milk 
concentrated from double the volume of milk and one 
concentrated threefold. Obviously the two are of very 
unequal nutritive value. This aspect of the subject 
has been fully dealt with by Dr Coutts in 1911, but 
legal standards still lag in the making although in 
Section 8 of the Milk and Dairies (Amendment) Act 
1922 powers are now available for this purpose \ 

As regards one variety—condensed machine skimmed 
milk—it is difficult to see any need for it at all. So long 
as it is obtainable and the cheapest condensed milk 
available, so long will the less discriminating and poorer 
sections of the community, harassed by their perpetual 
conflict to provide the necessities of existence, utilize it 
as a means to diminish their burden and as a source of 
child or infant food. Any printed notice that such milk 
is unfit for such a purpose is a totally inadequate pro¬ 
tection. Its consistency and concentration deceives the 
eye and masks its utter deficiency in fat, while the 
apparently fattening properties of the sugar bolsters 
up the initial deception. I do not know of any class 
who need such a variety of condensed milk, I am 
unaware of any section of the community who would 
be prejudiced by its elimination. In my opinion its 
manufacture in this country and its importation into it 
should be prohibited. This could of course be done by 
imposing a minimum fat standard. 

While canned meats are much more uniform in com¬ 
position the published analyses show a good deal of 
difference as regards their chemical composition. The 
two factors of importance which show the widest differ- 

* In May 1923 the Ministry of Health issued Regulations (Circular 393) 
dealing with the labelling and composition of condensed milks, to come 
into operation on October i, 1923. 
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ences are the fat which may vary from about 7 to 22 
per cent, and the meat bases from o'62 to i -47 per 
cent, according to U.S.A. Department of Agriculture 
figures. There seems no case at present for laying down 
standards as to composition, and indeed the subject 
requires more study, but the possibility must be kept 
in mind. 

Considerable differences occur in regard to the relative 
quantity of fruit and syrup in canned fruits but at present 
the reputation of the canner or wholesale vendor seems 
to be sufficient protection. 

WASTAGE OF CANNED FOODS AND 
UTILIZATION OF REJECTED TINS 

The problem of the reduction of wastage from spoilage 
will be dealt with in Lecture 11 after the bacteriology 
of canned foods has been considered. It is only pro¬ 
posed to consider here its magnitude and the methods 
of disposal of rejected tins. 

The total amount of canned food lost by the contents 
becoming unsound can be grouped under two broad 
headings, i.e. factory loss and post-factory rejections. 

I have tried on a number of occasions to obtain infor¬ 
mation as to the percentage loss at different factories 
but this is information jealously guarded and always 
denied to me. For one thing it varies considerably 
with season and from other causes. Some factories, 
even well equipped and well conducted ones will have 
a run of what is called “bad luck,” which can really be 
more accurately described as undetected bad manage¬ 
ment and lack of attention to minute but essential details, 
and will turn out batches of canned foods a material 
percentage of which is spoiled. Speaking very generally 
canners tell me that they would only regard about o’5 
per cent, of wastage as normal and anything beyond 
that unwarranted and demanding strict investigation. 

The practice at the cannery as regards preliminary 
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incubation (i.e. storage in a warm room) of the tins 
before release materially increases the proportion of 
spoilage tins which can be grouped as factory spoilage 
and proportionately diminishes those which occur after 
the tins leave the cannery. 

Post-factory wastage is the sum of the loss from 
rejections at the ports and other places of primary 
inspection and of spoilage in course of transit or storage 
detected by inspector, trader or consumer. 

No comprehensive figures are available as to what 
this loss amounts to but some idea of its extent can be 
gleaned from the following figures dealing with canned 
foods condemned at certain places of entry and which 
I owe to the kindness of the Medical Officers of Health 
concerned. 


Table IX 

Food condemned {in cwts.). 


Place 

Year X919 

Year 1920 

Meat 

Marine 

Fruit 

Milk 

Meat 

Marine 

Fruit 

Milk 

Port of London ... 

630 

lOI 

397 

842 

1766 

22 

701 

9790 

Bermondsey 

2442 

166 

1447 

4139 

6616 

49 

2556 

5805 

Southwark 

2920 

5 

422 

1438 

498 

95 

995 

4784 

Stepney . 

1225 

100 

38 

833 

3301 

76 

1681 

2646 

Southampton 

26 

0 

I 

102 

76 

6 

II 

240 

Manchester Port... 

33 

I 

117 

189 

488 

0 

180 

39 

Bristol Port 

153 

0 

33 

133 

391 

I 

10 

219 

Liverpool Port ... 

461 

19 

178 

363 

200 

10 

408 

77 


Place 

Year 1931 

Meat 

Marine 

Fruit 

Milk 

Port of London ... 

283 

271 

4764 

530 

Bermondsey 

3061 

52 

54^3 

4121 

Southwark 

3063 

60 

668 

466s 

Stepney . 

3106 

319 

1532 

1928 

Southampton 

24 

84 

21 

23 

Manchester Port... 

26 

0 

48 

41 

Bristol Port 

157 

0 

248 

356 

Liverpool Port ... 

189 

5 

137 

7 
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In addition very large quantities are rejected in the 
areas of the different Sanitary Authorities after they 
have passed through the ports and wharves and been 
admitted, so to speak, into circulation. No complete 
figures are available but in the City of Liverpool (apart 
from the Port) in 1920, 23,314 and in 1921, 21,427 tins 
of canned foods were condemned as unfit for human 
consumption. In the City of London in 1921 the re¬ 
jections were 535 cwt. tinned meat, 275 cwt. tinned milk 
and 231 cwt. tinned marine products. These two ex¬ 
amples will give some idea how extensive the rejections 
are, after the tins have left the wharves. 

The figures in the table show that for the four areas 
in London mentioned the loss from canned meat alone 
in 1920 was 12,181 cwt. or 1,364,272 lbs. If this is 
valued at a shilling a pound it represents an annual loss 
of over ;^68,ooo from canned meat in these areas alone. 

As regards the disposal and utilization of this vast 
quantity of condemned canned foods no uniform or com¬ 
prehensive plan is adopted but each Local Authority 
makes its own arrangements for their disposal. The 
methods of disposal vary to some extent with the nature 
of the food to be got rid of. From inquiries made at 
the chief ports and places where large quantities of these 
foods are condemned it would appear that while a good 
deal of the meat is destroyed or dumped into the sea, 
a large part is released under definite restrictions for 
animal food, for manure and for fat extraction, about 
—4 per ton being obtained for it. Milk is largely 
utilized for pig feeding and to a lesser extent for poultry 
feeding but considerable quantities are destroyed. Fruit 
always and fish and other marine products commonly 
are destroyed or discharged with other refuse into the 
sea but a small proportion of marine products are used 
for pig feeding or for manure. 

All the Medical Officers of Health concerned are 
fully alive to the importance of taking steps to ensure 
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lat this food should not be picked over and the least 
imaged or the apparently sound tins re-enter the 
arkets by illicit means. When the tins are to be 
istroyed, and occasionally when they are consigned 
Jtside the area, one procedure is to pierce the tins 
ifore they leave the supervision of the condemning 
ocal Authority. This however is only the practice in 
)me areas. Often a guarantee is furnished by the user 
lat none will be used for human food. 

When the tins go into the area of another authority 
is the usual practice to notify the Medical Officer of 
lealth of the district of this fact, but it does not appear 
I be the usual custom to follow up the different con- 
gnments to ensure their use for the purposes alleged, 
[ere notification to the outside Local Authority Medical 
fficer hardly seems adequate to exclude the possibility 
' these tins being sorted over and some being utilized 
T food. In many cases they go into rural areas in which 
le Medical Officer of Health is in General Practice 
id not a Public Health expert, and who may not 
;gard his duties more seriously than in proportion to the 
iltry salary paid him and who does not follow up the 
latter at all. It must be remembered that many of 
lese tins are not obtrusively bad and are quite saleable. 
It would certainly seem desirable that the business 
' the disposal of these vast numbers of rejected tins 
lould be placed on a better basis. It is undesirable 
lat each Local Authority be left to make its own 
rrangements. If there was common action a uniform 
rocedure could be devised and acted upon and more 
Ltisfactory arrangements made for safeguarding against 
le possibility of condemned food being used for human 
•od. The food which now has to be destroyed in the 
2structor or dumped into the sea could be used for 
limal food or other legitimate purposes and not wasted 
: heavy expense. 

With tinned foods the main difficulty of utilization 
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is the cost of opening the tins and it is common sense 
that in such a centre as London there should be con¬ 
centration of means of disposal, while supervision would 
be greatly facilitated. In the City of London where so 
much food is admitted and distributed the City Corpora¬ 
tion has let a tender for several years for dealing with 
unsound food to one firm which has established the 
necessary plant. While the main supplies dealt with 
are raw foods large quantities of tinned goods are dis¬ 
posed of and Dr Howarth (M.O.H. 1921 Annual Re¬ 
port, City of London) in an interesting account states 
that the plant includes an electrically driven saw capable 
of opening 700 tins per hour. The company does not 
find it profitable to deal with tins of fruit or even con¬ 
densed milk. 



LECTURE II 

THE BACTERIOLOGY OF CANNED FOODS 

The prevailing view, both scientific and popular, in 
regard to canned foods is that they are types of pre¬ 
served foods which remain sound because the food is 
rendered sterile by the application of heat and main¬ 
tained in that condition by being kept in hermetically 
sealed containers. The only exception recognized is as 
regards sweetened condensed milk which is admitted 
to contain some organisms, the keeping qualities being 
explained by the fact that a preservative (sugar) is 
added in large amounts which prevents these bacteria 
from doing any harm. When canned foods become un¬ 
sound the explanation offered is either that the sterili¬ 
zation was inadequate or that the continuity of the tin 
was defective, admitting bacteria from outside which 
decomposed the food. 

Two quotations from standard text-books may be 
mentioned showing that the above statement of current 
views is correct. 

Marshall’s Microbiology, 2nd Edition, 1917, refer¬ 
ring to the spoilation of canned food states “microbial 
changes occur when the goods have not been processed 
at a temperature sufficiently high to destroy all the 
organisms which may have been present in the uncooked 
food.” 

Leach and Winton, Food Inspection and Analysis, 
4th Edition, 1920, states “The preservation of food by 
canning was long thought to be due to the perfect 
exclusion of air, but is now known to depend on the 
perfect sterilization of bacteria, and it has been proved 
that as far as keeping qualities are concerned, it makes 
no difference whether or not air is present in the can, 
if the contents are sterile.” 
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It will be shown conclusively that this simple con¬ 
ception does not represent the facts and that the factors 
which determine whether or not canned foods remain 
in a sound and safe condition are far more complex. 

The first point of interest is an answer to the question, 
To what extent are sound canned foods sterile ? The 
following table gives the results of the detailed exami¬ 
nation of a number of perfectly sound samples of 
various canned foods purchased in the open market in 
this country and which have been examined by my 
colleagues and myself during the last four years. 


Table X 

Sound shop samples 


Product 

No. ex¬ 
amined 

Sterile 

Not 

sterile 

Percent¬ 
age not 
sterile 

Percentage not sterile 

Meat . 

22 

8 

14 

63-6 



Salmon. 

16 

8 

8 

50*0 

1 > 


Sardines. 

II 

7 

4 

36-4 

iFish 48*6 


Herrings. 

Crab . 

Lobster. 

8 

10 

6 

3 

0 

I 

5 

lO 

5 

62-5 

lOO’O 

83'3 

J 

[Crustacea 

- products 

6i*i 

Crayfish ... 

3 

2 

I 

33'3 

J 04 2 J 


Fruit . 

SB 

45 

^3 

22-4 



Unsweetened con¬ 







densed milk‘ ... 

44 

36 

8 

i8-2 



Sweetened con¬ 






densed milk ... 

15 

0 

15 

100*0 



Excluding sweet-\ 
ened milk J 

178 

no 

68 

38'2 



This table shows that while no class of product was 
always sterile the percentage varied from iS’2 per cent, 
not sterile for unsweetened milk to 84'2 for Crustacea 
and 100 for sweetened milk. 

Vaillard as long ago as 1900 found organisms in 70 
to 80 per cent, of his samples, but his work was gener- 

^ Includes 17 “Factory” samples, i.e. sound tins just as they leave the 
cannery. 
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ally discredited and ascribed to faulty technique and 
outside contamination. Recently Weinzirl (1919) and 
Cheyney (1919) examined sound samples and found a 
percentage not sterile. Cheyney found the percentage 
not sterile to be corned beef 18, salmon 20, sardines 9, 
lobster 4, shrimp 8, crab 25, tuna fish 8, fruit 2 •8. 

My percentage of not sterile samples is considerably 
higher than either Weinzirl’s or Cheyney’s. Considera¬ 
tions will be advanced shortly which lead me to believe 
that even my high positive results are an understate¬ 
ment for at least some of these foods, particularly the 
marine products group, and that if more specialized 
methods were employed almost all the latter group 
would show the presence of living bacilli. 

While to these investigators must be given the credit 
of first clearly demonstrating that many sound samples 
may contain living bacteria our studies have carried 
the matter much further and we have been able to 
demonstrate why these bacteria may be present without 
risk of spoilage. The significant feature is not the mere 
fact of the presence or absence of living bacilli but the 
types of bacteria which are present. 

Are we to assume that these bacteria are all of types 
which are unable to decompose the food, and if any 
decomposition types are present then the food will 
invariably become unsound.? In other words can we 
shift the standpoint and conclude that whether foods 
become unsound or not does not depend upon sterility 
but is conditioned by the presence or absence of bacilli 
of decomposing type. 

This particular point was not dealt with by Cheyney 
and he confines his attention to pointing out that “the 
organisms isolated constitute a sharply limited group 
of resistant spore bearers.” Weinzirl goes further and 
concludes that “ the living spores found in commercial 
canned foods are unable to grow in the food, due to the 
absence of oxygen.” 
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The following table (Table XI) summarizes the 
organisms which we have isolated from sound tins, 
omitting the sweetened condensed milk samples. 

Table XI 


Product 

Yeasts 

Obligate 

anaerobes 

Sporing 

aerobes 

Thermo- 

phils 

Micro¬ 

cocci 

.Non-sporing 

bacilli 

Meat . 

o 

o 

7 

6 

5 

I 

Salmon . 

o 

0 

3 

3 

4 

I 

Sardines. 

o 

0 

4 

I 

I 

0 

Herrings. 

o 

0 

3 

3 

0 

0 

Crab . 

o 

2 

2 

9 

3 

0 

Lobster . 

o 

0 

3 

2 

0 

0 

Crayfish . 

o 

0 

I 

0 

0 

0 

Fruit . 

I 

7 

10 

0 

0 

0 

Unsweetened milk 

1 

0 

5 

I 

4 

0 

Total. 



38 

25 

17 

2 


Many of these organisms, as will be shown later, are 
capable of decomposing the food from which they were 
isolated. It is clear therefore that the problem of de¬ 
composition is not the simple one of the presence or 
absence of bacilli of decomposing type but the far more 
complicated one of ascertaining the conditions which 
will allow bacilli of this type to become active agents 
of decomposition. 

The chief types of organisms isolated by us from a 
large series of rejected samples are shown in Table XII. 
They are grouped into two classes according as the 
contents were found to be unsound or apparently in 
good condition. 

To be able to cause canned foods to become unsound 
microorganisms must possess certain attributes in ad¬ 
dition to the ability to grow in these foods. One or 
other of the following must be a characteristic of their 
vital activity; proteolytic or fermentative properties. 
An organism with proteolytic properties is able under 
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favourable conditions to decompose proteins with the 
production of secondary degradation products. If such 

Table XII 


'o 






Food product 



Condition 

contents 

Types of organisms isolated 

Meat 

Salmon 

Sardines 

Herrings 

Lobster 

Crab 

Crayfish 

Fruit 

Sweetened 

milk 

Unsweetened 

milk 


No. of tins examined 

32 

27 

16 

5 

9 

13 

8 

67 

33 

47 

:=! 

a 

Anaerobes . 

Sporing aerobes (exclud- 

9 

2 

3 

0 

2 

3 

I 

3 

I 

4 


ing thermophils) 

II 

9 

4 

2 

2 

4 

3 

9 

33 

7 

.5 Ph 

TJ OJ 
zt u 

Ui 
(J 0) 

• S cn 

rt 
bx) 
c n 

Thermophils . 

Non-sporing bacilli of de- 

4 

I 

4 

0 

I 

1 

0 

3 

110 (out 
1 of 16) 

0 

composing type 

N on-sporing bacilli of non- 

5 

II 

4 

0 

3 

3 

I 

2 

5 

6 

^ 

0 > 

decomposing type 

6 

3 

4 

0 

0 

5 

0 

0 

_1 

2 

Coccoidal-bacillus type ... 

0 

0 

0 

0 

0 

0 

0 

16 

_1 

5 

ID 

Micrococci . 

13 

10 

3 

4 

3 

7 

I 

14 

33 

21 


Yeasts . 

0 

0 

0 

0 

0 

0 

0 

12 

30 

2 


Sterile . 

2 

3 

5 

I 

I 

0 

3 

24 

0 

9 


No. of tins examined 

64 

35 

15 

14 

5 

5 

4 

40 

13 

10 

w 

Anaerobes . 

Sporing aerobes (exclud¬ 

0 

2 

0 

3 

0 

0 

0 

3 

I 

I 

r f 

0 T3 

ing thermophils) 

8 

6 

3 

4 

I 

0 

I 

5 

12 

I 

1 § 

8 g 

Thermophils . 

Non-sporing bacilli of de¬ 

5 

2 

3 

I 

0 

2 

I 

4 

i9 (out 
(of 10) 

0 

S 

rrH <1^ 

u i3 

composing type 
Non-sporing bacilli of non¬ 

I 

4 

1 

0 

I 

0 

0 

0 

0 

0 

0 g; 

decomposing type 

I 

I 

0 

2 

0 

0 

2 

0 

_1 

0 

CD 

■5? ™ 

Coccoidal-bacillus type ... 

— 

0 

0 

0 

0 

0 

0 

I 

_1 

0 


Micrococci . 

7 

6 

2 

3 

2 

I 

I 

5 

13 

0 


Yeasts . 

0 

0 

0 

0 

0 

0 

0 

2 

3 

0 


Sterile . 

48 

22 

10 

6 

2 

2 

0 

25 

0 

1 8 

1 


products include some which are gaseous the tin is 
likely to contain gas while the contents will be decom¬ 
posed. The ability to produce gas from carbohydrates 


^ Not looked for in every sample. 
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or from bodies such as inosite is the other important 
characteristic. The property of producing acid, but 
without gas formation, from carbohydrates is of import¬ 
ance as regards condensed milks but otherwise is not 
of significance. If any particular organism possesses 
proteolytic or fermentative properties, still more so if it 
exhibits both functions, it must be classed as a potential 
cause of decomposition of canned foods. The converse 
is probably equally true ; if any strain or group of or¬ 
ganisms exhibits neither of these properties then we 
must regard it as unable to initiate unsoundness in 
canned foods other than milk. There is a possible 
exception to this statement. It is conceivable, and we 
possess some but rather inconclusive evidence that it 
may occur under actual conditions, that two strains 
neither of which by itself belongs to either group may 
by their symbiotic activities produce decomposition 
changes. From our results I consider this to be, at the 
most, a rare possibility. 

In my canned food studies proteolytic ability was 
judged by the ability to liquefy blood serum under 
optimum conditions. Neither the production of indol, 
the formation of sulphuretted hydrogen nor the capacity 
to liquefy gelatine are reliable tests of proteolytic 
ability. 

It is well known that the ability to decompose carbo¬ 
hydrate with gas production is materially influenced by 
the variety of carbohydrate, some organisms for example 
readily decomposing glucose but are unable to break 
down more complicated sugars such as saccharose or 
lactose. While many varieties of carbohydrates were 
tested by us, for present purposes I include any strain 
which can produce gas from glucose or other simple 
carbohydrate as possessing fermentative abilities. 

To readily grasp the significance of the dififerent 
types isolated it is of value to tabulate them from this 
point of view. 
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Type of organism 

Proteolytic 

Fermentative 

Obligate anaerobes . 

+ 

+ 

Ordinary sporing aerobic bacilli 

-h(most strains) 


Thermophilic bacilli . 

-( » » ) 

- 


(B. proUus group . 

+ 

4- 

Non-sporing 

B, cloacae „ . 

— 

+ 

aerobic \ 

B, coli „ . 


+ 

bacilli 

Glucose, non-lactose group 

— 

-f 


iNon-fermenting groups ... 

— 

— 

Micrococci .. 

, ... ... ... ... 

— 

— 

Yeasts 

. 

— 



From this grouping we should anticipate that the 
obligate anaerobes and the B. proteus types would give 
the most obtrusive signs of unsoundness, causing both 
a blown condition of the tin and offensive decomposition 
of the contents. The non-proteolytic but fermenting 
types of non-sporing aerobic bacilli would be prolific 
causes of a blown condition but the contents would not 
show much change, while similar results would be ob¬ 
tained with fermenting yeasts. The sporing aerobes 
should give rise to decomposition changes but not to a 
blown condition of the tin. The micrococci and most 
of the thermophils would be unlikely to cause either 
external changes in the tin or unsoundness in the 
contents. 

Such a general conception of the activities of these 
different types of organisms does correspond fairly 
closely with actual findings but there are a good many 
exceptions and other factors have to be taken into 
consideration. The tables already quoted as to the 
distribution of the different types in sound and unsound 
tins show the extent to which exceptions are met with. 
For example sporing aerobic bacilli were as prevalent 
in sound as in unsound tins while anaerobes were 
occasionally found in tins with perfectly good contents. 

That the proteolytic and decomposing types of bacilli 
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are capable of inducinj^ decomposition d)anf;es in canned 
foods was amply proved by a lonj'’ series ot experiments 
in which perfectly sound tins w<-r<‘ inoculaU-d with such 
organisms in jnire culture under aseptic condiiions and 
the tins at once sealed up af,uun. Two stich inoculations 
may be (pioted as examples. 


A sound tin of salmon was nun ulatrti wnh sit am A 474, un 
anaerobic bacilluH of Katist hbraml typr tsolaiod hotn mi imsoimti im. 
The tin was sealed up and int ubatetl at J/ t ,. t »as (levrluprt! vuilnn the 
tin ami when opened after 4 J <lays the eouteuts wetr drt cmipmed ami had 
a putrid tuiour. The inoculated strain was ret oveied m puie < nit me, 
pxp A sound tin of beef was imu ulaieti with siiam A •hH, a typn al 
B organism isolated from an unsound im of meal. I'hr tm was 
sealed up and incubated at yf C. for jo tlays. ‘I hr t ontamm tisr f was 
markedly blown but the ( onients slmweti tuu or but vety ms^pofn ant, 
signs of decomposition. The ino< ulateil strain was ret tivetefl. 


It will be of interest and of practitxd value if each 
group of organisms is r<wit:w<*d briefly .is leganis its 
prevalence; in canned focxls and as to how far it can b<- 
considercid a cause ol spoilaju;. 

Yeasts. While occasionally isolati-d from iikmi or 
marine; products they are of lillh- or no significance as 
a cau.se of uu.soundness in th<-se products Imi .ire of 
great importunci; in connection with tinned milk ami 
tinned fruit. 

They are of most importance in relation to sweetc*m-d 
condensed milk and the following table sets out our 
results as to their distribution in this food. 


Taiu.k xm 


Type uf till 

i 

Nth 

exanuueil 

Nti* 

eonlaiiung 

y 

t'tuiUiiuug 

IVit rniftgr 
I'ntilAtmng 
frtmrniiiin 

Rejected and blown 

i 

33 

30 1 

94 

7 % 

Sound shop 

*5 

4 

r; 


Sound fresii factory 


j *4 

hi 

4:i's 

Sound incubated factory 

*5 

1 1 

73 

s.rj 
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A “factory” tin is a sound tin obtained direct from 
the factory where canned, the date of canning being 
known, and usually put up only a week or so before 
examination. Some were incubated in the laboratory 
for considerable periods and constitute the “ incubated 
factory ” group. 

The type of yeast was carefully studied but the only 
characteristic of importance in these studies was whether 
or not it fermented glucose and saccharose. The non¬ 
fermenting strains were found to be of no significance as 
regards the development of spoilage. The table shows 
that fermenting' yeasts were isolated from nearly all the 
blown tins, were absent from the shop tins but were 
present in nearly half of the freshly put up factory tins. 

The ability of the fermenting types to cause gaseous 
decomposition in sweetened condensed milk was fully 
demonstrated in numerous experiments. It was equally 
evident that the mere presence of fermenting yeasts did 
not invariably cause gas to develop and the milk to 
become unsound, indeed their occurrence in sound tins 
was frequent. A long and elaborate series of experi¬ 
ments which are set out elsewhere^ were necessary 
before we could elucidate the conditions necessary for 
decomposition to result. We demonstrated by special 
experiments that yeasts do not readily multiply in con¬ 
densed milk tins, partly due to the medium being un¬ 
suitable but chiefly because of the restricted supply of 
oxygen. Before they can cause fermentation changes 
yeasts have first to multiply and for this they must be 
supplied with oxygen and the supply when the tin is 
closed is restricted. If only a few fermenting yeasts 
gain access they are unlikely to produce gas and cause 
the tin to become blown because they will not increase 
sufficiently before anaerobic conditions become estab¬ 
lished in the tin and in consequence their multiplication 

^ Studies in Sweetened and Unsweetened (Evaporated) Condensed 
Milk. 1923 Food Investigation Board. Special Report^ No. 13, 
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activities be shut down. The two prim.iry f.u tors 
trolling their deccnnj)0.sition uetivitifs .tre eithi-i 
initial prestnice of a considerahi*’ number of eidi 
conditions which give air access and so enable the 
increa.se sufficiently ami take on the fernumtiii),; 
when they an; thtai comparatively independent of 
oxygen .supply. 

In my experience yeasts are an unitnportant c 
of decomposition in unsweetenecl milk .is they 
only isolated from two out of 60 rejected tins, in but 
of which were they the cause of the g.is develop! 
or other unsound conditions found. In fruit tins 
are of greater significance and fermentinjf yeasts ' 
found as a cause of unsoundness in i ? out of iay c, 

Micrococci. Micrococci of various kinds, streptoc 
staphylococci, diplococci and occ.ision.illy s.!n i 
mainly owe any interest they possess iii rel.aio 
canned foods to the fact that th<-y are freipiefitly pri- 
Their percentagt! prevalence in our series itf es.in 
tions is .shown in the following table. 


Taiii.k XIV 



... 

CftnnctI ftxnl 



rjtaunurtt 

Meat. 

116 

True fush .. 

{4J 

Crustacea . 

64 

Sweetened condensed 

VS 

Un.sweetencd condensed tnilk; 

Uh\ 

Fruit.. 

165 


i-tifTVjtlriirr tii 





Siiuml 

■ 

i \U%hl 





' i.MtilrtiO 

1 

•ij ' 

II 

! 

4** 

14 

i r/ 

.IV 

tS 

1 1 

,1/ 


tini 1 

tint 

V 

‘ f.> i 

41 

tl ^ 

: tl 1 

^4 


These organisms, devoid as they are of any pn 
lytic or fermentative properties omier ordinary w. 
tions, are of no significance as a cause of unsouiul 
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as regards meat, "marine products” and sweetened 
condensed milk. In unsweetened milk we have been 
able to demonstrate the rather remarkable fact that 
under certain conditions some of our strains were able 
to produce gas. Most of them produce acid and I 
regard micrococci as an important cause of spoilage in 
this variety of food. In fruit we did not find them in 
sound samples but they were present in 24 per cent, of 
blown unfit tins. Although numerous experiments were 
carried out to elucidate the position the results obtained 
were somewhat inconclusive. They suggest as probable 
that at least some of the strains must be held responsible 
as causes of unsoundness in tinned fruit. 

Anaerobic sporing bacilli. We have abundant evi¬ 
dence that these organisms are important causes of 
spoilage of canned foods. The tables however show 
that these bacilli were sometimes isolated from perfectly 
sound tins. Anaerobes were isolated from two perfectly 
sound shop crab tins, from a sound salmon tin (not 
included in the table) and from five rejected tins with 
quite good contents (two salmon, three herring). Since 
they were all strongly proteolytic and decomposing types 
and the anaerobic requirements are satisfied by the 
conditions which exist in the tins this is a fact which is 
unexpected and difficult to explain. I was only able to 
explain it after a great deal of special experimental 
work. Cheyney only found an anaerobe once (crab) in 
725 cans of merchantable food and Weinzirl not at all in 
sound tins. 

Even more striking results were obtained in a further 
series of experiments. Seventeen perfectly sound tins 
of different marine products were given air access 
through punctures (but only sterile air was admitted 
through cotton wool plugs) and incubated in that con¬ 
dition for 5-16 days and then sealed up again and re¬ 
incubated. The results obtained after the final opening 
are summarized in the following table : 
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Contents 


An- 

aerobes 



Marine 

product 

No.ex- 

aminc<l 

Good 

Unlit 

Sporing 

aerobes 

Other 

Organisms 


Lobster ... 

3 

i 

2 

3 

X 

0 


Salmon 

6 

0 

6 

5 


3 

Punctured < 

Crab 

X 

1 

0 

I 

1 

0 


Sardines ... 

2 

2 

0 

2 

<> 

2 


Herring'S ... 

5 

I 

4 

5 

5 

4 


Total \ 
punctured / 


^ 5 

12 

16 

9 1 

9 

Not / 

Salmon 

1 2 

2 

0 

0 

0 ■ 

0 

1 punctured \ 

Herrings ... 

2 

2 

0 

0 

0 ; 

0 


With the exception of two cases the contents of the 
nine tins containing anaerobes were unfit. A,ll the 
anaerobes were proteolytic and fermentative. In this 
series no less than 53 per cent, of the tins contained 
living anaerobes. These experiments suggest that a 
considerable proportion of these sound tins of marine 
products contain spores of anaerobes but in a dormant 
condition. 

From the numerous experiments initiated to investi¬ 
gate the anomaly it appears probable that the survival 
of a few scanty spores of these anaerobe.s is not un¬ 
common, at least in marine products. They are in¬ 
capable of multiplication if only complex [)rotcins are 
available. When the tins are given air access the sporing 
aerobes aLso present grow and their proteolytic enzymes 
elaborate simpler protein degradation products which 
enable the dormant anaerobic spores present in turn to 
multiply. The deeper parts of the contents are still 
anaerobic and,once they have started, their own enzymes 
can continue the dis.solution of the protein.s. 

Sporing aerobic bacilli. Owing to their wide dis¬ 
tribution in nature, their high resistance to heat and 
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the almost inevitable contamination of canned food 
products with members of the group the significance 
of the presence of these organisms in canned foods is 
of great practical moment. Their importance has been 
mostly overlooked until our studies. 

Table XVI shows how frequently they were found. 
This table shows their percentage prevalence in tins 
with sound and unsound contents. 


Table XVI 


Contents 

Anaerobes 

Sporing aerobes 

Fermenting non- 
sporing aerobes 

Sound 

Unsound 

Sound 

Unsound 

Sound 

Unsound 

Meat . 

0 

28 

32 

30 

0 

16 

Marine 

•4 

14 

30 

31 

0 

28 

Fruit 

12 

4 

14 

13 

0 

3 

Unsweetened milk 

0 

9 

II 

6 

0 * 

13 

Sweetened milk ... 

0 

3 

87 

100 

7 I 

15 


The table shows that they were just as prevalent in 
sound shop samples as in tins with definitely unfit 
contents. Not all the members of the group are pro¬ 
teolytic but the great majority are, although many only 
liquefy blood serum slowly. Out of 91 strains isolated 
from meat and marine products all but 14 were proteo¬ 
lytic and the strains which liquefied blood serum were 
just as prevalent in the sound shop tins as in tins with 
unfit contents. It is usually stated that these organisms 
will not grow under anaerobic conditions but we were 
able to isolate many strains which grew well under 
ordinary anaerobic conditions and even fairly well under 
the strictest anaerobic conditions I could devise. While 
they could grow, a series of experiments showed that 
they did not do so with sufficient facility to produce 
enzymes capable of peptonizing milk or liquefying 
blood serum. 






52 


CANNKI) FOODS IN 


Tabic XV .shows that sjKiruii,'' luTobos w<to isolated 
from i6 out of thtt 17 jHiuctured lias. la eadu <-as<'s 
they were the oaly th'coniposinj^’proteolytic .strains iso¬ 
lated and five of lhe.se eij4ht tins .siiovved unfit conteiJts. 
In a lonfy .series of .special iaoculatioas we were able to 
show that iaoculatinjj^a.sound tinofauMtorllsh iavari.ibly 
cau.sed decomposition of the food when air acces.s was 
permitted but that this result only occasionally fiilloweti 
after inoculation wlu-n the tin was inunediately .seal'd up. 

It is evident that tlu-se organisms an- very widespn'atl 
in .some ctinned foods and, at letist as regards meat and 
marine products, in a far higlu-r proportion than our 
results from simple (txamiuations sho\v. They are 
pre.sent as spores and remain dormant and unimportant 
under the ordinary anaerobic <'on<litions j)rovided in 
properly .sealed cams. Supplie<l with air the .spores 
develop into vegs'tative forms and produce en/,ymes 
which decompo.se th<‘ food. In otlu-r words the prot<'o 
lytic membtTs of this group are jjoteniial camies of 
decomposition of caimetl foods. 

Non-sporing bacilli of decomposing or fermenting 
types. ^ Them percenUige distribution is shown in Table 
XVI. I hey include many tyjx's and are important eanses 
of decomposition changes. 

1 he />. grouj) po.ssess both {ermentaiiv<' attd 

proteolytic properties and in eonse<|ueme eatise- the 
retainers to become blowtt wbil; the contents are tie-, 
compo.sed. They w<;re i.solatetl almost entirely from 
meat and m;irine prodnet.s. 

^*'f>‘t*d'‘5tri.s of tht: B, c/oavat' typt; caused eon?.i<lerab!f* 
g<is devclopmeitt but only slowly developed change.s in 
the food. they w<;re most fretpitmtly isolated from 
lob.sters but were id.so found in unswetaeiietl milk. 

//. coh was only rarely i.solated frtnn meal tins hut 
was comp.iratively common in blown tins of tnariiu; 
products, j)articul;irly .salmon. Here no tlonbt it gainetl 
access from contamintued water. 
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This surmise has been shown to be the case, as 
regards decomposing salmon, by Hunter (1922). He 
studied the bacterial groups in decomposing salmon 
and concluded that the bacteria concerned have their 
natural habitat in the sea-water from which the salmon 
are taken and that the decomposition is not due to bac¬ 
teria which contaminate the salmon within the cannery. 

B. coli was also found to be a cause of decomposition in 
unsweetened condensed milk but although it was isolated 
seven times from sweetened condensed milk it was un¬ 
important as a cause of decomposition. It was found 
twice in fruit as a cause of gas development. Being 
devoid of proteolytic properties its effects are most 
noticeable as gas production, the food itself showing 
very little change. 

In fruit a peculiar and special type of bacillus was 
found as an important cause of unsoundness. This was 
a remarkably pleomorphic organism which in ordinary 
culture media grew as a coccoid bacillus, only slightly 
longer than broad, but which in fruit juice grew out into 
a long slender bacillus. It grew well under both aerobic 
and anaerobic conditions. All the strains isolated were 
devoid of proteolytic properties and under ordinary con¬ 
ditions none decomposed any carbohydrate. A special 
series of experiments demonstrated that this organism 
does produce gas when introduced into sound tins of 
fruit and that such tins become “blown.” All the strains 
produce a large amount of acid but the gas development 
is not due to the action of this acid upon the tin but to 
direct fermentation of the fruit juice. I have not found 
this organism described elsewhere or previously recog¬ 
nized as a cause of fruit decomposition and have called 
it B. pleofructi. As many as eighteen strains were 
isolated, in every case from a tin which was defective 
and usually with the contents unfit. I consider this 
unusual type of bacillus to be a common cause of un¬ 
soundness in fruit. 
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We have also isolated the same organism from five 
unsound tins of unsweetened condensed milk and have 
been able to demonstrate its ability to decompose that 
fluid. The organism is non-pathogenic to mice and 
guinea-pigs. 

Thermophilic bacteria. These are all sporing aerobic 
bacilli the characteristic features of which are their 
ability to grow at temperatures considerably above 
those favoured by ordinary bacteria and that their 
optimum growth takes place at these high temperatures. 
Some are obligate thermophils and are unable to multi¬ 
ply at 37° C. or lower, but others are facultative and while 
they grow best at 55° C. or thereabouts they can multiply 
at 37° C. 

We have found them to be widely present in canned 
foods as shown in the following table from our own 
results. 

Table XVII 




l^ercentage prevalence in 


No. of 










Canned food 

tins ex¬ 
amined 

Shop and 
factory 

Rejected 
but good 
contents 

Unht 

contents 

All 

samples 

Meat . 

41 

27 

54 

25 

34 

Salmon . 

54 

21 

8 

0 

9 

Sardines. 

36 

9 

28 

14 

25 

Herrings. 

27 

37 

7 

0 

X 5 

Crustacea (crab, lobster,) 
crayfish) J 

00 

58 

20 

13 

28 

Sweetened milk. 

47 

62 

90 

81 

77 

Unsweetened milk 

100 

2 

0 

0 

I 

Fruit . 

i 6 s 

0 

9 

5 

4 


None of them possessed any fermentative properties 
and only a few any proteolytic ability. Direct inoculation 
experiments failed to cause decomposition and they seem 
to be of little or no significance as a cause of spoilage. 

It will be seen that the facts which have been ad- 
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vanced from four years’ close study of the bacteriology 
of these foods suggest conclusions at variance with the 
usual views. It will be evident that they have a very 
practical bearing upon the whole subject of the spoilage 
of canned foods. It may be helpful to briefly summarize 
these views and explain their influence upon the practice 
of canning. 

SUMMARY OF BACTERIOLOGY OF CANNED 
FOODS IN RELATION TO SPOILAGE 

It would appear that a large proportion of canned 
foods as put upon the market, and which are sound and 
wholesome, are not sterile. The proportion not sterile 
varies from loo per cent, for sweetened condensed milk 
to 18-20 per cent, for unsweetened milk and fruit, ac¬ 
cording to our findings. There are reasons to believe 
that the figures given are an understatement. Further, 
many of these organisms differ in no way from strains 
which we have shown can and do cause marked spoilage, 
under other conditions, in the same kinds of food pro¬ 
ducts. In other words the conditions under which they 
are found are at least of equal if not of greater import¬ 
ance than their mere presence. Of such conditions the 
two which are of greatest significance are the conditions 
within the tin as regards the availability of free oxygen 
and the initial number of the organisms present. 

All our results emphasize the essential importance 
of absolutely airtight retainers, not because outside 
bacteria may get in but because the admission of air 
may provide conditions suitable for the multiplication 
of bacteria already present. Even obligate anaerobes 
(paradoxical as it sounds) may be stimulated to become 
actively decomposing organisms by the introduction of 
air. The number of living organisms is also a factor of 
material moment. It is difficult for a few spores to start 
and multiply and produce sufficient enzymes to furnish 
the simpler protein products requisite for abundant 
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growth. Given enough of them this process is facilitated 
and nothing more may be required. It is evident that 
the prevention of spoilage is not a simple but a highly 
complicated matter. 

The practical conditions to ensure a minimum of 
spoilage are in my opinion the following: 

(a) As small initial bacterial contamination as 
possible. 

(< 5 ) Conditions within the factory which allow as little 
bacterial multiplication as possible before the tins are 
hermetically sealed up. 

(^) A processing^ temperature which will at least en¬ 
sure only the survival of spores and as few of these 
as possible. 

(d) A satisfactory form of container and reliable 
methods of closure which will ensure and maintain a 
perfectly airtight tin. 

It might be supposed that with the demonstration . 
of the frequent absence of sterility in canned foods it 
should be a simple matter for the food canner to alter 
his methods and arrange that the temperature to which 
he submits his finished product is one which will ensure 
the destruction of all bacteria whether in the vegetative 
or sporing form. Only a superficial study of the technical 
and trade side of this vast business is necessary to realize 
that such a simple solution is impracticable. 

The technical problems involved in processing are 
complex and are discussed at some length in Appendix I. 
This Report shows that it is not simply a question of 
the application of so much heat to “process” the pro¬ 
duct but this factor is influenced by a number of physical 
laws making it a complicated and technical subject. 

The facts explained in Appendix I show how im- 

^ The expression “processing”is the technical term applied in the trade 
to the final heating given to the product in the can after it has been sealed 
up. It is better than the word “sterilization,” which is sometimes em¬ 
ployed as its equivalent, as the latter implies the definite view that all 
bacteria have been destroyed, an implication which is not in accordance 
with the facts. 
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practicable it is to set out precise data in regard to time 
and temperature of processing which are generally 
applicable. It is only within the last few years that any 
serious attempt has been made to remove the subject 
from one of empiricism to one on a scientific basis and 
much yet remains to be done. 

The prevention of spoilage depends upon many factors, 
including the reduction of the number of bacteria in¬ 
troduced by only using clean fresh material quickly 
handled under scrupulously clean factory conditions, 
an accurate adjustment of the degree of heat and its 
time of operation to the particular foodstuff, and the 
use of thoroughly sound containers sealed in an efficient 
manner with complete exclusion of air. 

As regards spoilage one cannot help feeling that the 
canner has been fortunate. He has aimed at sterility 
and, because most of his products remained sound, fondly 
thought he had attained it. He relied on his processing 
to produce sterility and upon an airtight tin to keep 
out germs from what he believed was a sterile product. 
But he builded better than he knew. He has by no 
means attained sterility but fortunately has reached 
something which is nearly as good. Provided his work¬ 
ings are rapid and clean and he uses fresh stuff he has 
attained to the condition of leaving only a few living 
organisms, mostly as spores, in a food product not very 
nutritive when not broken down, stored in an airtight 
receptacle. Under such conditions the living bacilli 
mostly remain dormant. If he cannot ensure this dor¬ 
mant condition spoilage results in many cases. 

CHANGES WHICH OCCUR IN SOUND FOOD 
AFTER CANNING. 

The extent to which changes take place in food after 
canning, when the food is and remains perfectly good, 
is a subject of considerable importance to the trade but 
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one in regard to which very little is known scientifically. 
It might be supposed that if the food is sterilized and 
air is excluded that no changes would occur, apart from 
any action upon the metal retainers. Direct examina¬ 
tion, however, shows that considerable changes may 
result, but that their degree and nature vary with the 
product. In canned meat little or no alterations take 
place or at least none appear to have been reported. 
With fruit changes are comparatively slight, apart from 
solution of tin and iron through the action of the acid 
juice upon the retainer. The most definite changes 
occur with milk and marine products. 

The changes in condensed milk occur in both the 
sweetened and unsweetened varieties but are more de¬ 
finite in the former kind. We have paid considerable 
attention to their nature. Sweetened condensed milk 
is never sterile and one change is an alteration in the 
numbers and kinds of bacteria present. In an unopened 
airtight tin the general tendency is for a gradual 
decrease to take place in the total number. Some 
organisms appear to slowly multiply but this is offset 
by a decrease in the viability of others until a rough 
equilibrium is established. ' 

If however the tins are not airtight-the results are in 
marked contrast. In a long series of experiments the 
result was a very great increase in the total number of 
organisms, which reached its maximum after about two 
to three weeks at 21 ° C. or after a considerably shorter 
period at 37° C. and then a steady decline, so that at the 
end of three or four months the number of organisms 
present was less than at the start. Some variation 
occurred but nearly all followed this general plan. The 
feature of great bacterial increase with air access may 
be of significance in connection with infant feeding as 
opened tins of sweetened condensed milk are frequently 
used for infant feeding for many days and until the con¬ 
tents are all used up. 
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Two striking changes with time which are markedly 
accelerated as the temperature rises, are a progressive 
thickening and darkening of the milk, the two changes 
being concurrent but not proportionate to one another. 
These changes may be so marked that in old tins, 
especially if kept in tropical climates, the milk may be 
nearly solid and of the colour of chocolate. 

The thickening is undoubtedly due to colloidal 
changes in the concentrated milk. It has been suggested 
that they are due to bacterial enzymes but my investi¬ 
gations do not support this view. The increase is in 
no degree proportional to the bacterial content. The 
studies of Rogers, Deysher and Evans (1920) led them 
to conclude that the casein is the constituent principally 
concerned in the production of the increased viscosity 
and that one of the factors greatly increasing the tend¬ 
ency to thicken is the temperature used to heat the 
milk preliminary to its condensation. Viale and Rabbeno 
(1921) have recently studied the chemical changes and 
report considerable alterations including a gradual 
hydrolysis of the proteins, hydrolysis of lactose and 
sucrose to monosaccharides and saponification of 
neutral fats. These changes only become considerable 
after several years of storage. 

In canned marine products, especially herrings and 
sardines, definite changes occur on storage. Such 
canned fish mature and do not attain their best con¬ 
dition for some time, which may be several years. As 
Professor Johnstone (1921) puts it, “The crude and 
‘raw’ taste characteristic of the freshly packed fish 
disappears on maturation. The bones become soft and 
very friable (though the scales never do become softer 
than in the newly packed fish). The flesh becomes soft 
and pasty, so that the fish easily breaks when taken 
from the tin. The smell changes. The flavour of the 
fish improves very notably, of course, and this is the 
result which is desired from maturation.” 
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Johnstone discusses the cause of maturation. In an 
earlier report (1919) suggests that these alterations, 
which have nothing in common with putrefactive 
changes, are not bacterial but are an autolytic process 
due to specific intracellular enzymes not entirely de¬ 
stroyed by sterilization. In his later report (1921) he 
points out that the possibility of bacterial action cannot 
be negatived while he also considers the possibility that 
the process of maturation is the consequence of a cata¬ 
lytic action in which organized enzymes are not involved. 
On this supposition the tin taken up would act as a 
catalyst. 

Weber and Wilson (1919) have shown that packs of 
sardines upon standing show a marked increase in the 
quantity of total volatile nitrogen, the greater part of 
which is in the form of amines. 

They found that storage caused a gradual increase 
in the volatile bases and in the organic acids and this 
was greater the higher the temperature of incubation, 
being very small indeed at 0° C. The presence of 
purie greatly increased the rapidity of formation of the 
volatile bases but the organic acids increased to a 
greater extent in the specimens containing no purde. 
The variations in the amount of amino-acids during 
the six months’ period of observation were less regular 
and decreases occurred in the first four weeks, the con¬ 
tent rising subsequently. 

Storage at a temperature of 33° F. greatly retarded 
their formation. The relative quantities of ammoriia 
and amines composing the total volatile alkaline material 
changed during storage. After processing practically 
two-thirds of the total alkaline nitrogen consisted of 
ammonia and one-third of amines. After storage these 
proportions changed to about equal parts of each. 
Storage at a low temperature while causing a decrease 
in the total quantity of ammonia and amines apparently 
does not affect the relative amounts. Most of the 
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volatile alkaline material existed in the form of 
trimethylamine in stored canned sardines. They also 
investigated the development and causation of black¬ 
ening or detinning of the inner surface of stored 
unlacquered sardine tins. They found it more developed 
with skinned than with unskinned sardines. They as¬ 
certained it was due to sulphide of iron and concluded 
that the ammonia and amines in solution are the main 
cause. 

Foreman and Miss Marrack (1922) working with 
canned herrings have studied this question in connection 
with other problems. Their work is at present incom¬ 
plete but is suggestive that these maturation changes 
are due to the activities of bacteria which have survived 
the processing given. 

The subject needs much more investigation but in 
view of our results as to the survival of bacteria in these 
fish after processing it seems probable that these changes 
are in the main due to the action of enzymes produced 
by the activities of bacteria which have resisted the 
sterilization after canning. 

While it is theoretically possible that changes with 
storage in tins with sound contents and which remain 
good may result in the formation of products which 
are directly inimical to man on ingestion, there is no 
evidence that any such products are ever produced. 
These changes are worthy of extended investigation 
from the point of view of the value and palatability of 
the food product but are of very minor significance in 
relation to problems of injury to health. 



LECTURE III 


DIRECT RELATIONSHIP TO DISEASE 
CONDITIONS 

I PROPOSE in this lecture to consider in some detail 
to what extent there is any direct evidence that the 
consumption of canned foods is a cause of disease or 
malnutrition amongst the community. In Lecture I it 
has been pointed out that the consumption of these 
foods has increased enormously and is likely to increase 
still further. It is to be anticipated that a change of 
this magnitude in the habits of the community should 
have some influence upon the public health. Popular 
prejudice exists to a considerable degree against canned 
foods and there is an inclination amongst the unscientific 
to accept the most trivial and inadequate evidence as 
pointing unmistakably to special danger from their con¬ 
sumption. In the lay press this attitude is only too 
common and when sudden illness of a gastro-intestinal 
type occurs, should canned foods have been eaten any 
time shortly before the development of symptoms, the 
immediate bias is to lay the blame upon such food. 
Coroners’ Courts are thickly strewn with verdicts casting 
unsubstantiated imputations upon canned foods. 

It is of great importance therefore to consider criti¬ 
cally, impartially, and with care the ways in which such 
food may be prejudicial and exactly the evidence that 
is available showing that prejudicial effects have re¬ 
sulted. It is perhaps necessary to point out that there 
are really two considerations involved. One is the 
extent to which any danger to health is merely common 
to the type of food used and is independent of this 
special method of preparation. The other the existence 
of any detrimental effect which is peculiar to canned 
foods and definitely associated with this class of product. 
Both considerations have to be borne in mind in dis¬ 
cussing the problem. 
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Scientifically considered any possible menace to health 
may be classified into the following groups: 

1. Bacterial. As carriers of living pathogenic bacilli 
or their toxins. From incipient putrefaction or other 
general bacterial unsoundness. 

2. Parasitic. As carriers of living animal parasites. 

3. Chemical. From the presence of inorganic chemi¬ 
cal poisons, either added in the course of manufacture 
or derived from the retainers. 

4. Loss of accessory food factors. From the loss or 
diminution of vitamins or other food factors necessary 
to the human organism. 

It will make for clarity if these groups are discussed 
separately. 

Bacterial infection or toxin poisoning. The different 
bacterial conditions which may give rise to infection or 
illness through the vehicle of canned foods fall con¬ 
veniently into three classes. 

Group A. From bacilli specifically associated with 
outbreaks of food poisoning. 

Group B. From other pathogenic bacilli. 

Group C. From bacterial infection, or toxaemia, from 
decomposed or putrefactive food. 

The specific food poisoning bacilli fall into two groups 
as a matter of convenience, i.e. Salmonella group organ¬ 
isms and B. botulinus. The resultant outbreaks are so 
different in character that they are best dealt with 
separately. 

FOOD POISONING OUTBREAKS DUE TO 

CANNED FOODS, APART FROM BOTULISM 

The problem of botulism is separately considered. 
Apart from that condition there is no doubt that food 
poisoning outbreaks may originate from the con¬ 
sumption of canned foods but there is a good deal of 
difference of opinion as to the extent to which they 
occur. As already mentioned, the popular view in this 
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country is one of considerable suspicion towards this 
type of food. For some years I have been on, the look 
out for food poisoning outbreaks of all sorts and par¬ 
ticularly those associated with canned foods and have 
tabulated in Table XVIII 51 such outbreaks. It is 
important to explain that only outbreaks in which there 
is a strong probability, and in most a definite certainty, 
that the vehicle of infection was the canned food are so 
included. Almost all the cases in recent years have been 
personally inquired into and many of them I have bac- 
teriologically investigated. I think all those in the Table 
can be definitely included as due to the consumption 
of canned foods. A considerable number of so-called 
canned food outbreaks has been excluded from considera¬ 
tion as either decidedly negative or so indefinite as not 
to warrant inclusion. Particulars of one such outbreak 
definitely ascribed to canned foods without warrant may 
be of interest. On a Saturday a family of five had mid¬ 
day dinner which included a one pound tin of corned beef 
the contents of which excited no adverse comment. One 
of the family, a child of four, was ill next day, seriously ill 
on the Tuesday, a doctor was called in on the Thursday, 
and the child died on the Friday. The father was said 
to have suffered from abdominal pains and the mother 
from slight diarrhoea, both on the Sunday, but were well 
next day. The other two children ate the same meat 
but were not ill in any way. A post-mortem on the child 
disclosed acute peritonitis and no intestinal disease. No 
bacteriological examinations were made. The symptoms 
of the fatal case were not those of food poisoning and 
there was no vomiting until the Wednesday night. 
Although this was confidently put down to food 
poisoning from canned food there is no evidence of any 
food poisoning. The child died of acute peritonitis and 
the indefinite and slight symptoms of the parents were 
probably as much suggested by the illness of the child as 
by anything else. 
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That 51 definite outbreaks in this country can be 
collected shows that this vehicle of food poisoning can¬ 
not be neglected, while during the four years (1919- 
1922) when I was specially on the watch for them 29 
outbreakshwpre collected. It must also be taken into 
consideration that the food poisoning outbreaks which 
attract’attention are those in which a death occurs and 
publicity is given by an inquest. The majority of out¬ 
breaks from canned foods are due to .toxins and very 
rarely cause a fatality, -^uite certainly many such out¬ 
breaks are overlooked and never come to official notice, 
since there is no obligation to report them to Health 
Officers. 

In relation to the actual amount of canned foods 
consumed the number of poisonous tins is extremely 
small and probably less than o’oooi or even o'ooooi 
per cent, but their actual total number is far from 
negligible and much greater than it should be. 

To discuss the subject in detail would be to traverse 
the whole problem of food poisoning and it is only 
possible here to draw attention to a few points which 
specially concern this vehicle of infection. 

In almost all cases the canned food consumed, 
although toxic, has been indistinguishable in appear¬ 
ance, odour or taste from sound canned food. The 
illness is not due to the consumption of decomposed or 
abnormal food. There is no evidence of poisoning 
from ptomaines or any products of decomposition. It 
follows that in nearly all cases there is no means of 
safeguarding the consumer either by more detailed and 
rigid examination of canned foods on importation or 
by a more careful discrimination by the consumer as to 
only eating sound tins with seemingly sound contents. 
The safeguard offered against botulism is here absent. 

In all these tabulated outbreaks there is no evidence 
of chemical poisoning from tin, etc., although such a 
contingency may occur in rare cases. 
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In ihc.st; oantKHl food oulhrcaks, in certainly the vast 
majority of cases, the cansc of the illness is tlie same as 
wlnm the vcthich; is some <ah<-r type of Jood, i.e. to 
infection with a metnli<a' ttf tin* Salmonella ^iroup of 
l)act(!ria. d'he illmcss is dne either to infeetion with a 
livinjj;' bacillus or to und<*stroyetI toxins. When tlue to 
canntal foods th<; char.icteristit: hsiture is the hij;h pro 
portion du<' to toxins only, no livinj; bacilli beinj^ present. 
'Fins is what mip;ht be anticipated since the '‘processing" 
given is usually ade(|uate to kill non sporing bacilli lik<‘ 
the members of the .Salmonella group but may lie itistif- 
ficient to destroy their to.xins which art* known to 
po.s.sess marked resistance to htsit. 

The evidenct; is not adetpiate to affirm that ail the 
outbreaks in Table XVII I are due to .Salmonella 
bacilli or their to.xins but the greater number can with 
confidence be so ascribed. I have endeavoureii to grotip 
the outbreaks from this jKiinl of view into three classe.s. 
i.e.; 

(a) Due to living bacilli, probably or certainly of 
Salmotiella group i6 otitbreaks. 

(/;) Due to undestroyed .Salmonella grouji toxins 

27 outbreak.s. 

(c) Informaticm inadespjate to ascribe ataurately to 
(a) or (tJ) ’ H. 

In cltcss («) a Salmoaell.a Ixicillus was only isolated 
eight times but in the olluu- half athsjuate bacteriological 
examinations were not carritul out. b'rom the Tong 
incubation [leriod, tlie fact that a desath often resultecl 
and other details it is [lossible to conclude with certainty 
that a living bacterium was the cau.st* of the <nubreak. 

The 27 outbreaks in cla.ss (/^) are gnniped as <lue to 
toxins becau.se iit some cases it was possibht to tie 
mtmstrate po.sitive tigglutinins in the blootl of the 
sufferers while in tht; others the short incub.tiion jx'riotl, 
characters of the .symptoms ami other features of the 
outbreak make this type of causation prtdnihle. Then; 
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are considerable difficulties in the way of proving the 
etiological association when toxins are the cause. Some 
are technical in character and Mr Bruce White and I 
are carrying out experiments with a view to their 
elimination. 

The influence of season is distinctly less noticeable 
in food poisoning outbreaks due to canned foods than 
when the vehicle is fresh food. Of 106 outbreaks of food 
poisoning including all vehicles which I have collected 



Chart I. Seasonal distribution of 47 canned food poisoning outbreaks. Great 
Britain only. 

T = due to toxins only. 

B = due to living bacilli and toxins- 
U = Information inadequate to decide. 

49 per cent, were in June, July or August while in the 
51 canned food outbreaks i8, or 35 per cent., were in 
those months. As the chart shows they exhibit only a 
moderate increase of prevalence in the warmer months. 



68 


CANNED FOODS IN 


This IS what might be anticipated since the season-? 

"? --dationship eo the Ssoa 

The vehicles of infection were as follows 


So!.®! 5“'Tongue 5) 

C™s“c“ ') 

Fruit ... 


..26 
..16 
. 2 
. 2 
5 


meat was foe vehide foowf tS?fo canned 

bacilli, IQ were due to tnT ^ were due to living 
the information and inve=i--*^^°" others 

a decision. Meat is usually'“proTssIfo’tu^^ 

eXn^destr^f 

Salmonella group ^o the^hfoW^^'”^- 

outbreaks is readdy undersLfdable^°'^'°" 
canned ^^ese 

(1919-1922) in 10 this is 1 “ ® ®"es 

infected meat was packed in c; ” .If 1 every case the 
that much of ouHnfported '■'ue 

Comment but Tabfe III (LecturrnVt,o““ 

53'5 per cent, so imported ram« f shows that only 
This point is rather strikino- a ^ South America, 
either that undetected t meadS'&r'* 

S: S^p^m^u “re°”pjric^”“f* Ame^'crm e,“- 

- -factory thmt in^oXX^act- 




RELATION TO HEALTH 69 

The salmon outbreaks on the other hand were much 
more commonly due to infection with living bacilli. 
Although living Salmonella strains were actually only 
isolated from two, in 8 of the 16 outbreaks deaths 
resulted and this and the other facts showed infection 
with living bacilli. In only six outbreaks can the cause 
be ascribed with confidence to toxins and all of these 
were during the last two years. In earlier years these 
less severe outbreaks were probably overlooked or at 
least not reported in the press. The lower “processing” 
temperatures employed for salmon will account for this 
difference between the proportion of living bacilli to 
toxin outbreaks exhibited by salmon and meat vehicles. 

While I have particulars of a few outbreaks in which 
several tins of one particular consignment have been 
infected this is the exception. One of the most striking 
examples of this was in connection with an outbreak in 
1910 at St Helens and elsewhere due to toxins only. 
The consignment was a very large one comprising 
thousands of tins. One six pound tin at St Helens was 
sold in August in small lots to eleven families and 32 
out of the 33 who ate it were attacked. Other indi¬ 
vidual tins caused 21 cases at Carlisle in the same 
month, 6 at Gateshead in September and 15 at Hessle 
in November. In each instance one tin only in each 
place seemed to be affected. There were no deaths, 
although many of the sufferers were very ill. 

My experience is that it is usual for only a few tins 
(indeed in most cases only one) of a consignment which 
may run into 10,000 or more tins to be infective. In 
numerous instances I have examined numbers of such 
tins without finding any more of them to contain harmful 
bacilli or toxins. In all these outbreaks, with the rarest 
exceptions, the facts are conclusive that the food was 
not infected after opening and we can be certain that 
the bacilli or their toxins are survivals from infection 
already present at the place of canning. 
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My own conception of what occurs is that, under con¬ 
ditions which we have insufficient knowledge to define 
with precision, some of the meat, salmon, etc., becomes 
infected with living Salmonella group organisms. It is 
a well ascertained fact that oxen, pigs and other animals 
used for canned meat suffer from infection with members 
of this group and this is probably the source of the 
bacilli in these cases. For salmon, however, I know of 
no such infection but that may be because it has not 
been investigated. The infection of the meat or fish is 
limited, and results in only a small proportion of tins 
of any one batch becoming specifically infected. The 
sterilization processes given are probably adequate to 
destroy the bacilli in all but a tin or two which are in¬ 
sufficiently heated, due to faulty packing in the retorts, 
etc. The same applies to the toxins, but as these possess 
considerable heat resistance they are more likely to 
survive. 

Such infective tins do not become unsound externally, 
nor do the contents decompose, and their existence 
cannot be detected other than by a bacteriological 
examination of the actual tin. It is fortunate that the 
number of infected and poisonous tins is not more 
numerous than it is since they are undetectable by any 
precautions which can be adopted by Food Inspection 
Authorities. The only way to prevent the occurrence 
of such outbreaks is by the elimination of these bacilli at 
their source. One would like to know to what extent 
Salmonella group infections occur amongst cattle used 
for canning in South America and whether this group 
of bacilli can be found in salmon used at the great 
salmon canneries. This is all part of the larger subject 
of food poisoning generally and cannot be discussed 
in greater detail here. 
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BOTULISM 

First reported in Germany and in adjacent parts of 
Europe this variety of food poisoning was usually 
associated with the consumption of sausages, ham, 
smoked fish and the like, and it is only in the last de¬ 
cade that outbreaks of this character have been associated 
with the eating of canned foods. Since 1907 there has 
been a considerable number of these outbreaks from 
canned foods, and almost invariably in California and 
other parts of Western U.S.A. The first bacteriologi- 
cally demonstrated outbreak in America was in 1914, 
the vehicle being cheese. Meyer and Geiger, writing 
in 1921, mention since 1900, 39 human outbreaks in 
California, with a probable total of 130 cases and a 
mortality of 94 cases (72‘3 per cent.). This disease is 
not confined to man, but one type of B. botulinus (Type 
A of Burke) affects fowls, and the other type (Type B) 
causes disease in horses (so called “forage poisoning”), 
and during the same period there have been reported 
42 outbreaks in fowls and 79 in horses, making in all 
160 outbreaks in California. A certain number of out¬ 
breaks is likely to be overlooked, or at least not 
reported, and the figures suggest that in California 
there now exists an endemic focus of this disease. 
Table XIX gives particulars of 84 outbreaks in U.S.A. 
or Canada all from canned or bottled foods. They com¬ 
prise 319 cases with 206 deaths, a case mortality of 64‘6. 
Of these outbreaks 52 were home, 31 commercially 
canned and x was doubtful. 

In a paper read at the Plymouth Congress in June 
1922 and published in July I wrote: 

“In view of the enormous quantities of tinned fruit 
canned in that State which reach this country it is 
worthy of consideration as to how far there is a possi¬ 
bility of the introduction of botulism into this country.” 


Table XIX 

Outbreaks of Botulism from canned and bottled foods.—U.S.A. and Canada 
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Table XIX {continued) 

Outbreaks of Botulism from canned and bottled foods ,— US. A, and Canada 
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Within a month of its appearance the dramatic and 
very fatal outbreak at Loch Maree occurred. The 
following is a brief account of this outbreak. 

On August 14th, 1922, amongst some 48 persons 
staying at Loch Maree Hotel in the Highlands of 
Scotland six guests and two ghillies ate for their lunch 
sandwiches made from a certain jar of potted meat 
paste. Two meat paste pots were used to make the 
sandwiches that morning but only one was poisonous, 
a jar of wild-duck paste. Nothing unusual as to its 
condition was noticed by the cook who made the sand¬ 
wiches. All but one of the cases were attacked the 
next day, the remaining person becoming ill on the 
morning following. They lived for different periods 
but all eight died with the characteristic symptoms of 
botulism. B. botulinus (Type A) was isolated by Mr 
Bruce White from the traces of paste left, and from 
remains of one sandwich, while the presence of the 
characteristic toxin was demonstrated in both remains. 
The facts exclude infection at the time of opening and 
the toxins must have been forming there for some time. 
Although the methods of manufacture and conditions 
of cleanliness at the factory were very good one can 
only postulate that some stray infection must have 
taken place there during manufacture, or before manu¬ 
facture, and have escaped sterilization. Only this one 
solitary jar out of the whole batch appears to have been 
infected or at least to have remained infective after 
sterilization. 

The literature of botulism is now so considerable, 
largely due to the industry of American workers, that 
to review it would occupy more than one lecture. In 
Table XIX is set out a tabular statement of out¬ 
breaks in which the vehicle was preserved (canned or 
bottled) food. This table is compiled from informa¬ 
tion furnished me by Dr Meyer and I am greatly 
indebted to him for permission to use this material and 
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before he has utilized it for publication. I propose 
here to indicate the salient facts, so far as they relate to 
canned foods, so that conclusions can be drawn as to 
the extent of the danger and the precautions necessary 
to remove risk of botulism being induced from the 
consumption of such foods. 

The primary seat of B. botulinus, the organism re¬ 
sponsible for these outbreaks, is the soil. Dr K. F. 
Meyer^ and other investigators have been able to show 
that spores of this organism are not only widely dis¬ 
tributed in U.S.A. but are also present in old world 
soil and they have isolated it from Belgium, Denmark, 
the Netherlands, Switzerland and England. Out of 64 
soil samples from England which in 1921 I transmitted 
to California to Dr Meyer for examination five showed 
the presence of B. botulinus (8 per cent.) and two others 
showed weakly toxic cultures (ii per cent, in all). In 
certain parts of America it is more widely distributed 
in the soil and in California Meyer and Dubovsky^ 
found it in 45 out of 78 samples of virgin soil (5 7'6 
per cent.) and in 59 out of 226 samples of garden, 
orchard and cultivated field soil (26‘i per cent.). They 
make the highly important observation that the bacillus 
is found in greatest abundance in soil that has never 
been cultivated and that it is less prevalent in more 
cultivated regions. They add : “ It is evident that in 
California at least B. botulinus is not disseminated by 
animal excreta nor is the intestinal canal the natural 
habitat of this organism.” 

The spores of this bacillus have also been isolated 
from fruits and vegetables bought in the open market 
in California, and Meyer and Dubovsky^ out of 122 
such samples found 33 (27‘o per cent.) produced toxic 
cultures. 

In view of these facts and its isolation from spoiled 

^ Information from as yet unpublished papers kindly placed at my 
disposal by Dr Meyer of California. 
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canned foods in California and other countries the 
possibility of outbreaks from these foods imported into 
this country cannot be ignored. The canned goods 
which have most commonly served as the vehicle are 
vegetables and to a lesser extent fruits, but meat pastes 
and other made up meat foods may also so act. 

An estimate of the danger of this disease being 
caused by canned foods can only be given after the 
following considerations have been discussed. These 
will be dealt with seriatim. 

1. Is the bacillus so widespread that material con¬ 
tamination of the foods used in canning is likely? The 
facts enumerated show that in areas where the soil is 
heavily contaminated a percentage of fruit and vege¬ 
tables can be shown to harbour this organism. Nearly 
all these bacilli would be washed off in the preliminary 
processes but some might remain and, for example with 
tomatoes, I have seen them not only initially heavily 
contaminated with soil but visible soil has been left on 
them when they have passed through the washing 
stages and been put into tins. I have no doubt that a 
very important factor is the use of quite fresh and un¬ 
bruised fruit or vegetables. B. botulinus thrives in 
decaying food and in incipiently decomposed food there 
is an added likelihood of multiplication of this organism 
and a lessened liability to dislodgment in the subse¬ 
quent cleansing stages. 

2. Is the “ processing” given adequate to ensure the 
destruction of B. botulinus, whether in the spore or 
bacillus form, and of its toxin? The bacillus readily 
succumbs to heat and its toxin is comparatively thermo- 
labile ; the temperature of boiling water will easily 
and rapidly destroy both. It is safe to assume that 
the ordinary processing given, if adequately performed, 
will destroy these. The spores are however vastly 
more resistant. The earlier accounts, including the 
work of Van Ermengen, suggest a low resistance and 
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30 minutes at 80 °C. were found to destroy them, but the 
later American work shows a high degree of resistance. 
Weiss (1921), for example, finds that their thermal 
death point in canned foods varies with the hydrogen 
ion concentration of the particular food. The more 
acid foods, such as canned fruits, require a maximum of 
50 minutes at 100° C. or 15 minutes at 110° C. while 
with the less acid vegetable products up to 180 minutes 
at 100° C. or 10 to 20 minutes at 110° C. may be required. 
The most recent investigation is that of Esty (1923). 
He studied 112 strains, 37 of which were derived from 
human outbreaks of botulism. The heat resistance of 
these strains varied from 3 to 75 minutes at 105° C. 
when heated in a phosphate solution of approximately 
7'o. The heat resistance of the Type A strains 
varied from 3 to 75 minutes and those of Type B from 
3 to 60 minutes. The average heat resistance of all 
strains was 4i'i and 23"8 minutes for Types A and B 
respectively, indicating that the majority of these spores 
are destroyed within a comparatively short time. Cer¬ 
tain spores were very resistant. In general, young 
spores, particularly of the first generation, were the most 
vigorous and difficult to destroy. The heat resistance is 
also dependent upon the concentration of the spores. 
Enormous variability of the same strains to produce 
resistant spores was noted. The maximum heat re¬ 
sistance oiB. botulinus spores, produced under optimum 
conditions of growth, in this phosphate medium was 
330 minutes at 100° C., 110 minutes at 105° C., 33 
minutes at 110° C., 11 minutes at 115° C. and 4 minutes 
at 120° C. He found spores of J 5 . botulinus more resistant 
than those of any of the other anaerobes tested. 

Their resistance is affected by other factors in the 
food besides acidity including their consistency and the 
concentration of the syrup. The age of the spores is 
also of considerable importance. 

These facts are of great practical significance since 
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they show a degree of resistance which would enable 
at least some of the spores to survive the processing 
temperatures which are generally employed for these 
classes of foods. It is not impossible to employ degrees 
of heat which will ensure the destruction of these spores 
without damage to the quality of the food but it is cer¬ 
tainly very difficult, and at present is not attained. The 
whole question is now being intensively studied but at 
present we must adopt the standpoint that if spores of 
B. botulinus are present in the unheated product the 
heating likely to be given to the sealed tin cannot be re¬ 
lied upon as invariably adequate to destroy these spores. 

3. If the spores of B. botulinus in a preserved 

food, will the consumption of that food set up botulism? 
From the data supplied in Lecture II it is evident that 
two possibilities may occur, i.e. the spores may remain 
as such or may develop into bacilli and produce toxins. 

Whether the spores remain dormant as spores or not 
depends on factors such as the number added, the tem¬ 
perature of incubation, the size of the tins and the 
hydrogen ion concentration. If they do not multiply 
the contents are usually non-toxic. Spores free from 
toxin can be fed to animals without harm, but if they 
are very numerous experiments show they may set 
up botulism. This probably only occurs if they are 
sufficiently numerous to contain enough intracellular 
toxin to poison the animal, or the positive results may 
be due to insufficient freedom from the toxins. There 
is no evidence that I can find that the spores under 
such conditions can germinate in the animal intestine 
or elsewhere and develop toxins. 

In my own experiments with canned fruits the in¬ 
troduction of B. botulinus spores, unaccompanied by 
bacillary forms, caused no changes in the tins or the 
contents; they did not multiply and the contents were 
not toxic, if care was taken to introduce the spores free 
from toxin. On the other hand, in a certain proportion 
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of cases the spores do develop into bacilli and if that 
occurs the food will be highly poisonous. In a food 
such as the wild-duck paste of the Loch Maree outbreak 
any introduced spores which remained alive are far 
more likely to multiply than in such a product as canned 
fruit, since in the former the conditions are so much 
more to their liking. 

4. If the food contains B. botulinus toxin, will the 
tin show physical deviations from the normal, and will 
the contents be obtrusively altered } This question 
follows naturally from the two contingencies first men¬ 
tioned. It is evident that undeveloped spores will 
originate no physical changes in the tin or contents but 
then poisonous toxins will be absent and the contents 
harmless. 

B. botulinus is a proteolytic organism and a gas 
producer so that theoretically the development of the 
spores should invariably be associated with both physical 
alterations of the container (a blown or springy con¬ 
dition) and with decomposition changes of the contents. 
While in nearly all cases these theoretical results do 
accrue this is not invariably true and in a few outbreaks, 
notably from tinned spinach, no record of any sign of 
spoilage was made by anyone connected with the 
opening of the tin, preparing it for use or consuming it. 
This particular point needs further investigation par¬ 
ticularly as to how far toxin production is antecedent 
to the development of the products of decomposition. 
It is evident that the likelihood of obtrusive changes 
being overlooked is greater for highly spiced or fla¬ 
voured articles such as wild-duck paste than for simpler 
articles such as fruits or vegetables. 

We have also to distinguish between slight changes 
only perhaps evident to the expert and definite phy¬ 
sical alterations patent to even the most casual and 
ill-informed. A study of very many of the recorded 
outbreaks suggests to me as probable that deterioration 
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changes are invariably present in a tin or jar with toxic 
contents but that while these are clearly demonstrable 
by the expert, they may sometimes be missed, although 
probably not often, by the ordinary cook or casual con¬ 
sumer. In this connection the Loch Maree outbreak 
is instructive. The incjuiries just after the outbreak pro¬ 
duced no evidence that the jar was unsealed or that the 
contents were obtrusively unsound. When, however, 
a sound tin of the same batch of paste was artificially 
inoculated with the Loch Maree strain in our labora¬ 
tory, considerable gas developed which disturbed the 
paste and the smell was quite definitely altered. 
Although we have no direct evidence, since only such 
traces of paste were available for examination, that the 
peccant pot was physically altered I have no doubt de¬ 
finite changes had taken place and would have been 


noticeable to an expert. . . 

From the answers to these four questions it is pos¬ 
sible to draw some definite conclusions. 

(a) The resistance of B. botulinus spores to heat is 
so considerable that it is very doubtful if absolute 
security is going to be attained by any system of steriliza¬ 
tion No manufacturer will so cook his food as to make 
it unmarketable and absolutely safe temperatures come 
somewhat near to it. It must also be remembered that 
“processing” is a procedure much governed by human 
considerations. Some batches are hurried through be¬ 
cause they are urgently wanted or because the operative 
is in a hurry. Bad packing in the retorts may mean 
■ unequal heating and insufficient heating in some parts. 
Some fruits and vegetables are over-ripe or put into the 
tins in such a condition that in the operatives words 
“they will not stand much processing. Heating to a 
safety point may result in the spoilage of the lot an 
the process man is blamed: by somewhat underheating 
his risks in this direction are lessened or obviated. 
Whnfn^uch can be done to prescribe “safe" tempera- 
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tures I am entirely sceptical of the possibility of yielding 
absolutely “safe” results as regards settingup botulism 
by any complete reliance on “processing” as a safe¬ 
guard. The sterilization given must of course be 
absolutely sure to kill vegetable forms and toxins, but 
this is easily secured. 

(d) Experience shows that after all B. botulinus is 
rare on foodstuffs. The selection of sound fruit and its 
use quite fresh with scrupulous cleanliness at all stages 
will very markedly reduce the risk. As already pointed 
out, decomposing food furnishes a nidus of growth for 
this anaerobe and the number of spores which have to 
be killed is a fundamental factor. 

{c) In almost all cases the food which contains toxins 
of B. botulinus is obtrusively unsound. Anyone who 
deliberately or carelessly uses a spoilt tin of canned 
fruit or vegetables is disregarding a valuable warning 
and safeguard. With highly spiced foods this safeguard 
is more likely to be overlooked. 

(d) A sense of proportion is necessary. I n all Europe 
only about 74 outbreaks have been recorded while in the 
United States of America since 1899 up to the end of 
1922 there have only been no outbreaks with 395 
cases from all sources, while those from canned foods 
have been less than 90 outbreaks, that is in 22 years 
in a population of over one hundred million. In this 
country there has been one outbreak and only one. 
For 18 years I have been studying food poisoning, 
including this type, and carefully searching the litera¬ 
ture, and the Loch Maree outbreak is the only re¬ 
corded one I have been able to trace. Since that out¬ 
break some newspapers would have us believe it is not 
so uncommon but the headlines do not correspond with 
the facts. Several of these so-called cases have been in¬ 
vestigated under my supervision and all with negative 
results. The possibility of botulism from canned or other 
foods is a real one but the actual risk is infinitesimal. 
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INFECTION FROM OTHER SPECIFIC BACTERIA 

Apart from the special food poisoning bacteria the 
risk of bacterial infection from canned foods is slight and 
the subject does not require any detailed consideration. 
The chance of the addition of such bacilli in process of 
manufacture is small and therefore the problem reduces 
itself to one of the extent to which the operations of 
canning reduce any risk inherent to the food in its fresh 
state. Canned foods are mostly cooked foods. Organ¬ 
isms like B. typhosus, B. dysenteriae, B. diphtheriae have 
a low heat resistance and the possibility of their presence 
and survival in canned foods is negligible and there are 
no recorded outbreaks, so far as I am aware, from infec¬ 
tion of canned foods with these bacilli. Only two patho¬ 
genic organisms require separate mention and both 
in reference to condensed milk. While theoretically 
tuberculosis carcases might be used for meat canning 
the chances of any tubercle bacilli surviving the heating 
given are very small and canned meat can be considered 
free from living tubercle bacilli. 

The evidence as to the survival of tubercle bacilli 
in condensed milk is inadequate for a definite statement. 
Deldpine (1914) using tuberculous milk made into 
sweetened condensed milk found that the pasteuri2ation 
given did not always kill the tubercle bacilli but the 
tuberculosis produced in guinea-pigs developed more 
slowly than in untreated milk. Other stages of the 
process would not affect the viability of any surviving 
tubercle bacilli. As I read his report his results show 
a material reduction in the number of surviving tubercle 
bacilli but not complete destruction, so that some may 
be left in the finished article. It is really all a matter of 
the time and temperature of the heating given to the 
milk before its condensation. If adequate no tubercle 
bacilli should survive and certainly the process geiierally 
can be accepted as markedly reducing the risk of 
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tubercle bacillus infection if it does not remove it alto¬ 
gether. 

The other bacterial possibility is in connection with 
streptococci. My experiments* show that under certain 
conditions the streptococci always present in sweetened 
condensed milk may increase markedly. It is possible 
that some may be pathogenic and such condensed milk 
be directly harmful for infant feeding. The^ risk, if any, 
is probably less than with fresh milk. 

This section can be summed up generally by saying 
that the risk of infection from these pathogenic bacilli 
is common to the foods when fresh but is very greatly 
reduced and usually eliminated by the methods of pre¬ 
paration. 

THE DANGER TO HEALTH FROM CANNED FOODS 
WHICH SHOW SIGNS OF DECOMPOSITION 

The conception is so widespread, and so important 
if it is true, that the use of unsound food, whether fresh 
or in cans, for human food is fraught with serious 
danger to health that it deserves and requires more 
than passing attention. It has been shown that the 
danger from canned foods containing the specific bacilli 
of food poisoning or their undestroyed toxins is a real 
and an important one. It has, however, also been 
pointed out that, apart from the remote danger of 
botulism, such food is almost invariably sound to the 
physical senses and contained in receptacles which show 
no deviation from the normal. The danger that is 
apprehended here is something quite different and arises 
either from the use of foods which are decomposed when 
put into the tin or from foods which have become 
unsound in the interval between canning and their 
consumption. 

The possibility is of peculiar importance for canned 

^ For details see Report on Studies in Sweetened and Unsweetened 
Condensed Milk. 1923 Food Investigation Board, Special Report, No. 13. 
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foods for two reasons. In the first place there is a 
liability that such food may be used. This particularly 
applies to fish, which not only is a readily perishable 
foodstuff but one which the nature of the methods of 
collection make a possible contingency. A good deal 
of the fish canned is collected by outside agents who 
are paid according to the quantity and quality of the fish 
delivered. It may have to be brought from considerable 
distances and sufficient will have to be collected before 
it is worth while to deliver it to the canneries or the 
cannery boats. The fish first caught may begin to de¬ 
compose but the whole catch is sold and, unless special 
discrimination is shown, the whole catch is used. This 
possibility is realized by the canners as a whole and the 
modern tendency is to bring the canneries into closer 
and closer proximity to the fish grounds. 

The other point is that it is practicable to use un¬ 
sound fish or other material for canning purposes and 
yet on account of the heating given to supply a finished 
product which will not decompose further in the tin 
and which superficially will present the appearance 
and other physical properties indistinguishable from 
food made of the soundest material. 

Before considering possible dangers to health it is 
of interest to consider whether it is feasible to detect, 
by any readily utilizable methods of examination, that 
slightly decomposed products, particularly fish, have 
been used in making the canned food. My experience 
has shown me that many tins of fish or Crustacea may 
contain numerous living bacteria and be undesirable as 
food but which, when opened, show surprising little 
deviation from soundness as judged by the physical 
senses. Some readily applicable chemical or other tests 
would be of great value since bacterial cultivation 
methods take many days and a decision within an hour 
or so is what is wanted. Mr Hunwicke and I have 
carried out a great deal of experimental work upon this 
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problem^ and although we have obtained data of con¬ 
siderable comparative value our results do not by any 
means solve the difficulty. Mr F. W. Foreman and 
Miss Marrack are also working on this problem and by 
the use of improved methods are obtaining valuable in¬ 
formation. It will not be possible to discuss these results 
in detail, but the whole of the data will be published sepa¬ 
rately. It is as yet extremely difficult to demonstrate 
the use of unsound food in canned articles if the subse¬ 
quent sterilization given to the food has been adequate. 

These various considerations make it of primary im¬ 
portance to investigate critically the possible dangers 
to health from the use of such food, both when subse¬ 
quently sterilized and when it has not been sterilized 
but contains the living bacteria of putrefaction such as 
maybe metwith in tins which have become unsound after 
leaving the cannery. Stated in its simplest form it is 
a question as to the degree of toxicity of tainted or even 
definitely putrefactive food. The view which credits 
decomposed food with toxic properties largely rests 
upon a misconception due to the isolation of non-specific 
poisonous bodies called ptomaines from decomposing 
food and then assuming that these bodies which are 
toxic by injection, and not at all or to a very limited 
extent by feeding, are the cause of food poisoning. The 
isolation of split protein products of more definite com¬ 
position, such as j8-imidazolethylamine (histidine) and 
tyramine, in the intestine by the activity of putrefactive 
bacilli does not supply stronger information since al¬ 
though these bodies are highly toxic by injection under 
the skin, this evidence is not based on their toxicity by 
feeding, while they are found in the normal intestine. 

I have attacked the problem (1921) on the direct 
practical side and have fed a series of kittens with ex¬ 
tremely putrid mixtures of canned meat and fish over 
long periods and without demonstrating any definite 

^ Report not yet published. 
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:igns of toxicity. I am unaware of, and have been 
[uite unable to find, any evidence in favour of the popu- 
ar conception as to the great toxicity of incipiently 
jutrid food or even definitely decomposed food. I do 
lot suggest it is harmless, but merely that there is no 
ividence available as to its harmfulness and its toxicity 
s in my opinion enormously exaggerated. There is no 
ividence of any scientific value that the general public 
xins any risk of illness from this source. 

Such a view does not imply an acquiescence in the 
ise of stale or unsound food for canning or that such 
ise is free from risk. On the contrary I am strongly of 
opinion that a primary desideratum in canning is the 
ise of foods which are cleanly collected, initially sound 
ind used quite fresh. Such a belief is however not 
5 ased on any hypothetical danger from the ingestion 

the unspecific decomposition products contained in, 
>r derived from, such stale or unsound food but is for 
;wo quite different reasons. One is that such food leads 
;o spoilage and so the waste of valuable food, while the 
ither is that such faulty conditions favour bacterial in- 
ection which may include the special bacteria associated 
vith food infections and favour the multiplication of such 
specific bacteria. The risk of this has been pointed out 
n the section on botulism. The direct danger to health 
Tom canned food is not putrefactive and non-specific 
bacterial changes but the risk of infection with the specific 
Dacteria associated with food poisoning. 

ANIMAL PARASITES 

The possibility of the conveyance of animal parasites 
;hrough canned foods does not requiredetailedconsidera- 
:ion. Any danger is confined to meat or almost entirely 
50 confined. As regards meat the main parasites of im¬ 
portance are the tapeworms and trichina. A careful 
examination of the animals to be used for canned meat 
should detect the pathological condition and cause the 
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rejection of the meat. Should howcv(‘r the incat lx^ 
used, the heating to which it is suhjerUHl hefon^ placing: 
it in the cans and the sterilization in the cans afterwartls 
should be adequate to kill all living animal |)arasjt»'S. 
I am unaware of any oases of infection with animal 
parasites being trace.d to conveyaiua; by e;u)n<-d foods. 
In other words, while meat us(sl for canning like any 
other form of meat may bt; infected with animal para¬ 
sites, the danger of canneil meat acting as a vehielt! 
for the living parasite is much h;ss than with tn;sh mttat 
because on the one hand sujnn’vision is likely to btj 
more complete, and on th(; other becaus(t th<i cooking: 
to which it is subjected is a reasonably reliable safe¬ 
guard, although not an absolutely safe one. 

CHEMICAL CONTAM 1NAid()N 

Preservatives are not added to ordinary canned food.s 
although they may be found in som<; meat essemces an<I 
in some bottled foods. Their u.S{; is only incidtmtal in 
canned foods and any discussion on them wouUl 1 h; out 
of place. In the same way tlu^ use of copper salts in 
bottled peas or otlu;r vegetabhrs is a very nearicled 
problem and mostly confined to food i)aek<-d in gla.s.s 
and need not be di.scus.sral. Dr Willoughby has re¬ 
cently drawn attention to the large; c[uanlities of <-opp<‘r 
sulphate in tinned .spinach arriving at the Port nf 
London, while .still more recently copp<-r sulphate huK 
been found in peas. More attention may have 

to be paid to these bodies in the future, but at tin; 
present time the only inorganic climnical sulisiaiuH*. 
which demands serious considi;ration is tin contamina¬ 
tion and its possible danger to health. 

The possibility of tin poisoning from tlte use. of 
canned foods is one which has received considerabk; 
attention. Any risk of lead poisoning (from sokler, etc.) 
is negligible and does not require separate discu.ssion. 
The whole subject of the pre.sence of tin in canned 
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foods is discussed in detail in a valuable report by 
Buchanan and Schryver (1908) so that detailed con¬ 
sideration here is unnecessary. 

There is no doubt that considerable quantities of tin 
may be removed from the retainers and incorporated 
in the food. Schryver summarizes the results of some 
130 analyses of different canned foods, most of which 
had been kept a considerable time, in the following table: 


Foodstuffs containing 

Number 

Percentage 
of total 

Less than i grain per pound. 

72 

55'4 

Between i and 2 grains per pound ... 

35 

26*9 

Between 2 and 3 grains per pound ... 

17 

13-0 

More than 3 grains per pound 

6 

4*6 


For further tabular information in regard to quantities 
of tin found in canned foods the very comprehensive 
report of the special American Technical Committee 
(1917) may be consulted. 

The most important factors which govern the solu¬ 
tion of the tin appear to be the nature of the food 
canned, the period since canning and the quality of the 
tin plate used. 

Canned fruits, meat extracts and some marine foods 
are all products liable to contain considerable amounts 
of tin. With fruits and meat extracts the acidity of the 
liquid is an important factor but it is not the only one, and 
even with tins of the same age the amount of tin taken 
up is not proportional to the acidity. Investigations by 
Goss (1917) led him to conclude that large amounts of 
tin may be removed with foods of relatively slight 
acidity owing to the fact that the dissolved tin is con¬ 
stantly removed from solution by the proteins, carbo¬ 
hydrates and other substances present, the acid being 
regenerated and so capable of dissolving more tin. Goss, 
in common with Wirthle and other workers, found that 
in canned foods which consist of both solid and liquid 
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portions the solid portions may come to contain rela¬ 
tively larger proportions of tin than the liquid. Using" 
artificial tin digestion experiments, he found that the 
greater part of the tin was in an insoluble form and so 
firmly adsorbed that it will be eliminated directly from 
the body and not act physiologically as a soluble tin 
salt. Bigelow (1916) had previously come to the same 
conclusion. The longer the period since canning the 
higher the proportion of insoluble tin. 

The presence of considerable quantities of tin in 
canned marine products is to some extent explained by 
the results of Bigelow and Bacon (igii). Examining 
canned shrimps they found monomethylamine in con¬ 
siderable amount and ascertained thatthishadacorrosive 
action on the retainers. They also concluded that the 
volatile alkalis and aminoacids in asparagus, spinach, 
string beans, etc., which strongly attack tin retainers have 
an effect analogous to the methylamine found in shrimps. 
Quite recently Foreman and Marrack (1922) have 
pointed out the considerable quantities of tin dissolved 
by tomato/"ur/e added to canned herrings. The purde 
is highly acid in character. One specimen of canned 
herrings seven years old was found to contain as much 
as 9'6 grains of tin per lb. 

As regards direct evidence of toxic effects Schryver 
collected a few outbreaks in which poisoning resulted 
and which were ascribed to poisoning by tin. None 
are recent and the evidence that tin was the cause is 
not convincing in many of the cases. It is somewhat 
significant that few or no cases have been reported 
during the last decade or so. The consumption of 
tinned foods has enormously increased of recent years 
and if there exists any material danger of this metallic 
poisoning there should have been a corresponding in¬ 
crease of cases of poisoning from tin in canned foods. 

Buchanan, in the report already quoted, suggests that 
when as much as two grains to the pound are found. 
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; food should be regarded with grave suspicion and 
potentially deleterious to health. 

The available facts suggest that while the danger 
im tin poisoning cannot be ignored it is unimportant 
a cause of illness unless very old tinned goods are 
d. Quite recently, for example, in a food prosecution 
;e at Southport as much as five and a half grains of 
per pound were found in a tin of tomatoes and the 
idence was in favour of the view that the food had 
sn packed for a considerable time. It was an in- 
.nce of an acid fruit kept in a tin for a long time. 

In view of the increase with age the possibility of 
poisoning is a sound argument in favour of the 
ting of canned goods and the rejection of old stocks 
those foods which are known to have a considerable 
ion upon tin plate. 

It might be mentioned that with acid foods if the food 
eft in the tin after opening there maybe an appreciable 
Tease in the amount of tin taken up even after one 
^’'’s storage, and this increases the longer left. With 
ler foods tin solution is very slight or absent for 
'■eral days. 

VITAMINS AND CANNED FOODS 

No consideration of the relationship of canned foods 
health would be complete without some discussion 
to the extent to which vitamins are injured or de- 
oyed by the processes of canning. 

Their existence in canned foods is not merely a 
;stion of whether they have been destroyed by heat, 
; also of their stability, for it is now recognized that 
•.y are not very stable bodies and are influenced by 
dation processes, while canned foods may be kept 
long periods. 

Also as regards these accessory substances quantita- 
e considerations must be kept in mind, it is not merely 
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a question of presence or absence. We not only require 
vitamins but must have a sufficiency of them, and if 
any preparation processes materially reduce the amount 
it may be nearly as prejudicial as if they were entirely 
destroyed. 

It will be simplest to consider separately the informa¬ 
tion which is at present available in regard to the effects 
of heat on the different vitamins. 

Fat soluble A accessory substance. The chief food 
containing it which is canned is milk, but a certain 
amount is contained in fresh meat, particularly internal 
organs such as liver and heart, in fish fat and in some 
vegetables and fruits. 

The evidence as to the stability of the A vitamin is 
not altogether concordant but it would appear to be 
fairly heat stable. Osborne and Mendel (1915) found 
that butter fat treated with steam for two and a half 
hours did not lose its fat soluble A vitamin. Steenbock, 
Boutwell and Kent (1918) found that this vitamin is 
gradually destroyed at 100° C. In the special report by 
Halliburton, Paton, Drummond and others (1918-19) 
it is stated that experiments show that the fat soluble 
accessory factor is more thermolabile than was pre¬ 
viously supposed to be the case. They tested whale oil 
heated to 100° C. and 150° C. for four hours respectively 
and in both cases the destruction of Fat soluble A 
was almost complete. Preliminary experiments with 
butter indicate that temperatures of 75-100° C. are 
sufficiently high, if continued for several hours, to cause 
destruction of Fat soluble A. On the other hand, still 
later work suggests that any loss or destruction of 
vitamins may not be due, or not due entirely, to heat. 

Emmett and Luros (1919) found that considerable 
degrees of temperature did not affect the growth pro¬ 
moting value of lact-albumin. 

Steenbock and Boutwell (1920) found from their ex¬ 
perimental results that a process of heat treatment 
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consisting of autoclaving for three hours at 15 lbs. 
pressure does not destroy any of the fat soluble vitamin 
as found in yellow maize. Neither does this treatment 
cause any noticeable destruction of the vitamin in carrots, 
sweet potato and other vegetables when these materials 
are fed in percentages of the ration varying from 5 to 
15. They add: “our experiments demonstrate that the 
fat soluble vitamin as found in the plant kingdom in 
a grain, in leaf and stem tissue, in fleshy roots and in 
cucurbitous vegetable, is comparatively stable at a high 
temperature.” 

An experiment recorded by Professor Hopkins (1920) 
probably furnishes one clue to these discrepant results. 
Two groups of rats were fed, one set with butter which 
had been heated for four hours to 120° C. but heated 
without aeration, the other set with the same butter 
heated in exactly the same way but during the heating 
a stream of air was bubbled through the melted fat. 
In the first set there was normal growth, in the second 
definite weight loss, ill health and death. He remarks: 
“the results show definitely that oxidation plays a much 
larger part in the conditions which destroy than does 
temperature.” 

In a more detailed account of these experiments 
Hopkins (1920) showed that while four hours’ exposure 
to 120° C. does not, in the absence of air, appreciably 
reduce the vitamin content of butter, aeration for four 
hours and even two hours at that temperature destroys 
most if not all the vitamin. Even one hour’s aeration 
produced material destruction. Exposure of butter at 
ordinary temperature (15-25° C.) to air in thin layers 
for about a week was found to be adequate to destroy 
this vitamin. 

Drummond and Coward (1920) also found that this 
vitamin in butter fat was rapidly destroyed on heating 
in the presence of air and that this may occur, if air 
exposure is extensive, at temperatures as low as 37° C. 
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Drummond, Coward and Watson (1920) concluded 
that the storage of butter and its preservation by such 
methods as tinning do not appear to lower the vitamin 
A value unless changes of an oxidative character take 
place. 

As regards condensed milks McCollum (personal 
communication) has carried out some direct experiments. 
Using fats separated from different condensed milks he 
found (with one exception) they were capable equally 
with unheated fats of restoring the rats on a vitamin 
free diet to a healthy condition. The fats were from 
both sweetened and unsweetened milks. 

Daniels and Stuessy (1916) observed that rats fed 
with milk boiled i, 10, and 45 minutes respectively, 
grew slowly, failed to achieve the expected weight for 
normal animals and never reproduced. The authors 
suggest another explanation than loss of vitamin and 
this possibility is referred to below. 

Barnes and Hume (1919) state that no significant 
difference was detected in the growth promoting pro¬ 
perties of raw and dried milk respectively and this was 
true of both guinea-pigs and monkeys. 

Water soluble B (anti-neuritic). This accessory factor 
is comparatively deficient in meat and milk andthetinned 
foods of chief importance which might contain it are the 
cereals (corn, peas, beans) and possibly some vegetables 
and fruits. The general experimental evidence is to the 
effect that this vitamin is rather thermolabile and as re¬ 
gards canned foods the M. R.C. report ( 1919, p. 34) states 
definitely: “In preserving and canning food stuffs, the 
temperatures employed are frequently much higher than 
100° C. and it is safe to regard tinned foods of all 
descriptions with but few exceptions as vitamin free.” 

The investigations recorded do not all however con¬ 
firm this conclusion. 

Experiments by Chick and Hume (1917) may be 
summarized by saying that destruction of this vitamin 
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takes place very slowly at ioo° C. but is much more 
rapid in the neighbourhood of 120° C. 

Miller (1920) on the other hand found that cooking 
carrots at 100° C. for 30 minutes caused no reduction 
in the vitamin, neither was there any destruction when 
carrots were lightly packed in a jar and heated at 
125° C. for 45 minutes. Cooking navy beans at 120° C. 
for 30 minutes decreased the vitamin content 40 per 
cent. This worker and also Daniels and McClury found 
that a large proportion of the vitamin is found in the 
cooking water. 

Johnson (1921) found that pasteurized milk and re¬ 
constructed milk made from milk dried by the spraying 
process had not lost their anti-neuritic vitamins. 

Daniels and Loughlin (1920) investigated the vitamin 
content of both sweetened and unsweetened condensed 
milk. While the animals fed with unsweetened milk 
failed to grow and ultimately died, the growth curves of the 
animals fed with sweetened milk were fairly comparable 
to those of normal animals. By further experiments 
they arrived at the opinion that this was not due to loss 
of vitamins either A or B but was due to chemical alter¬ 
ations in the constitution of the milk and a loss of calcium 
phosphate. With thickened heat-treated milk good 
results were obtained. Rats fed with super-heated milk, 
supplemented with calcium phosphate properly incorpor¬ 
ated, made normal growth gains. 

Anti-scorbutic vitamin. The heat stability of this 
vitamin is not high and it seems to be particularly in¬ 
fluenced by the speed of heating. 

Campbell and Chick (1919) state definitely ‘Tn the 
process of canning vegetables the greater part of the 
original anti-scurvy value of the raw vegetable is de¬ 
stroyed. In the case of runner pod beans the loss is 
estimated at about 90 per cent, of the original value; 
in the case of cabbages it is about 70 per cent, of the 
original value. The process of canning cabbage included 
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heating in water for about one hour at 90° C. to 100° C. 
and for beans the process was repeated on the day 
following.” 

Hartj Steenbock and Smith (1919) found that milk 
sterilized at 120° C. for 10 minutes had lost its scorbutic 
protective powers. Working with two brands of un¬ 
sweetened condensed milk they found that both had 
lost their anti-scorbutic properties. Hess and Ungar 
found that milk does not lose its anti-scorbutic properties 
to any extent if dried quickly. 

Barnes and Hume (1919) found milk to be compara¬ 
tively poor in anti-scorbutic properties and that dried 
milk had lost about half its anti-scorbutic value. 

Hess and Unger (1918) found that 5 c.c. of canned 
tomatoes was sufficient to protect guinea-pigs, kept on 
a diet which normally would lead to the development 
of scurvy, from developing that disease, while larger 
amounts stimulated growth to a remarkable degree. 
They recommend canned tomatoes for infant feeding 
as an economical and efficient anti-scorbutic. 

Delf {1920) carried out experiments with the juice of 
oranges which had been canned and stored at laboratory 
temperatures for 5 months. The canning process in¬ 
volved heating in closed cans for 20-30 minutes, the 
temperature gradually rising from about 80° to 100° C. 
and remaining at the higher temperature for not more 
than five minutes. r5 c.c. daily of the fresh juice was 
still found to protect experimental animals from scurvy, 
the same dose as was required with fresh orange juice. 
Heating to 130° C. diminished the anti-scorbutic value 
and 3 c.c. was the daily dose necessary to give protec¬ 
tion. The heating was in the absence of air. 

Hume (1921) using monkeys found that with two 
batches of sweetened condensed milk there was no 
definite loss of anti-scorbutic vitamin as compared with 
unprepared milk. There was also no appreciable loss 
of Vitamin A. 
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Jephcott and Bacharach (1921) found little or no 
impairment of anti-scorbutic value in dried milk as 
compared with fresh milk. 

Zilva (1922) found that two hours’ boiling did not 
destroy the anti-scorbutic potency of decitrated lemon 
juice in an atmosphere of carbon dioxide, whereas one 
hour’s boiling in the presence of air destroyed its potency 
almost entirely. 

Tinned meats and other preserved foods can be 
accepted as having little or no anti-scorbutic properties. 
The only exception of importance appears to be canned 
tomatoes and possibly other canned fruits. 

The facts mentioned above show that it is not possible 
to give a simple direct answer to the question as to 
whether vitamins are present in canned foods. Very 
many factors are concerned. We have to remember 
that the whole of our knowledge as to vitamins is quite 
recent, that these substances are present in only minute 
quantities, that they have never been isolated in a pure 
state, that the only methods available for their detection 
require considerable experience if judgment is to be 
sound and are liable to many fallacies. 

We have in addition to remember that the methods 
of preparation of foods by canning are both complicated 
and variable and the changes induced may be consider¬ 
able and are much more than merely the effect of the 
application of a particular degree of heat. In other 
words we have to take into consideration not only the 
degree of heat applied to the product but also its method 
and particularly its rate of application. The chemical 
changes cannot be ignored, such as changes in hydrogen- 
ion concentration, oxidation, or colloidal changes. The 
factor of time since canning may be important since 
these vitamins are affected by storage and canned foods 
may be kept for years. Finally the quantitative factor 
is of essential importance and the fact that sufficient 
vitamins may be left to prevent pathological effects 
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does not prove that they may not be dangerously 
diminished. 

With all these variable and uncertain factors affecting 
the result, it is imperative that great caution be exercised 
in stating that any canned foods retain unimpaired the 
vitamins which they contained in the raw state. 

With our present knowledge it is a reasonable attitude 
to take up that the whole complex of changes which are 
necessary in canning foods are detrimental to their 
content in vitamins, that these changes are more marked 
the greater the manipulation generally but are especially 
affected by the oxidation allowed and the temperatures 
reached in processing. Of temperature influences the 
three most potent are the actual temperature reached, 
the time given at that temperature, and the rapidity 
with which it is attained. 

It is further evident that the three types of vitamins 
which are at present recognized are not equally affected 
by these adverse influences. The A type is compara¬ 
tively heat stable and if the heat applied is not too high, 
is quickly applied and is not maintained for long, there 
may be no material diminution in the vitamin content. 
In actual practical conditions it has been found that 
these conditions are often fulfilled so that experimental 
results have shown comparatively slight reduction in 
this vitamin. 

As regards the B type the evidence is that this is more 
thermolabile, and with any considerable application of 
heat it is likely to be entirely destroyed or dangerously 
reduced. We do not yet know, however, how far this 
is influenced by oxidation, and Professor Hopkins, who 
was kind enough to look over these notes, tells me that 
when oxygen is rigorously excluded this vitamin also 
shows a very considerable resistance to heat. 

Vitamin C is still less resistant to heat and it is 
probably safe to assume that it is nearly completely 
absent in most canned foods. 
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GENERAL CONCLUSIONS 

From the above detailed consideration of the different 
factors which may cause canned foods to be prejudicial 
to health clearly emerges the general conclusion that 
while they have definite and special risks of their own 
these are not large and are for the most part readily 
guarded against. Compared with fresh foods and the 
very haphazard, inadequate and neglected control which 
they receive canned foods are undoubtedly safer. They 
should not be made the main articles of diet, and pro¬ 
vided this is avoided any possible deficiency of vitamins is 
readily made good from other sources. Experience and 
direct study have alike shown that the danger from tin 
poisoning is negligible. In relation to food poisoning 
outbreaks they take their share but not, according to 
my figures, an undue share as vehicles of infection. The 
special liability to cause botulism poisoning is serious 
on account of the fatality when it does occur but insig¬ 
nificant in its incidence. The risk of Salmonella 
poisoning from their consumption is one which cannot 
be regarded lightly, as probably many cases due to toxin 
poisoning are not recorded. The elimination of this risk 
is part of the general problem of the suppression of food 
poisoning and is dependent on a greater control of 
sources of infection. It is very necessary that steps 
should be taken in the places of origin of these meat 
and marine canned food products to recognize and 
eliminate infection of the food with Salmonella strains 
before canning. The harmfulness of these toxin and 
living bacillus outbreaks to the trade is very great and 
neither its danger nor the possibility of its removal is 
at all adequately realized. 

The problem of spoilage is directly related to health 
considerations not to any material degree because 
spoiled canned foods are likely to cause illness, since this 
toxicity is slight and the risk of their consumption small. 
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but mainly because the proportion of spoilage directly 
affects the question of price. Cheap pure food is one 
of the most potent factors in improving the health of 
the community and anything which increases the cost 
of canned foods is a health consideration. 

The extension of the use of canned foods can only 
be advocated from the public health point of view if we 
can be satisfied, not only that the quality is sound but 
that the price per looo calories or other unit compares 
reasonably, and after due allowance for saving in fuel 
etc., with the cost of a similar unit of the fresh food. 
Amongst the poorer classes the money available for 
food frequently does not allow.more than a bare mini¬ 
mum standard of nutrition to be attained, and to divert 
any considerable proportion of that money to canned 
foods yielding less energy per unit for the same expendi¬ 
ture may have a disastrous effect on the health of the 
community. It is for this reason amongst others that 
spoilage problems have been dealt with at length in 
Lecture II and considered to be germane to lectures 
devoted to canned food in relation to health. 

In different sections of these lectures the defects 
which still exist in the preparation of these foods and 
in the methods of their distribution have been pointed 
out. The improvements in recent years have been 
material but there should be no slackening in endeavour 
by the trade itself and by pressure from outside to 
rectify these defects which are neither considerable nor 
difficult to remove. Their elimination is likely to extend 
still more their use. 

. No one who has studied the subject can be left in 
doubt as to the very great value of this method of 
preservation to the community. It enables large quan¬ 
tities of food to be utilized which otherwise would 
be wasted, no mean Public Health advantage. Any 
dangers from their use are not great and are at least as 
easily controllable as from the use of unprepared foods. 
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NOTES ON THE PRINCIPLES INVOLVED IN 
THE PROCESSING OF CANNED FOODS 

By William G. Savage 

Repnnted with the permission of the Food Investigation Board. 

The expression “processing” is the technical term 
applied in the trade to the final heating given to the 
product in the can after it has been hermetically sealed, 
and is designed to render the product safe from subse¬ 
quent bacterial decomposition. The word “ sterilization ” 
is sometimes employed as its equivalent but is an un¬ 
satisfactory term since it implies something definite, 
i.e. that the product has been rendered free from living 
bacteria, an implication which is not in accordance with 
the facts. The word “processing” commits one to 
nothing and is therefore preferable. 

In processing operations there are two objectives: 

(<z) To subject the canned foods to a degree of heat 
which will either actually sterilize the product or which 
will at least kill out all forms which may subsequently 
develop and cause spoilage or illness when the food is 
consumed. 

{b) The degree and duration of the heat treatment 
must be such as will not damage the food-stuff as a 
commercial product. 

Commercial considerations necessitate that the second 
objective must be complied with, so that in actual practice 
the degree of heating given under the first condition is 
conditioned by and subordinate to the second. The 
problem of the practical canner is not therefore to 
ascertain the temperature conditions which the expert 
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points out, or his practical experience indicates, as 
adequate to ensure sterility and then apply them to his 
products, but the more delicate one of the application 
of the degree of heat which he knows will not injure 
his product and yet will ensure a very high percentage 
of tins which will remain sound as judged by commercial 
and practical standards. 

The details of the problem are not the same for all 
foods since both the resistance to heat of the bacteria 
present and the liability to damage of the food canned 
vary with each product. In some instances his margin 
of safety is a wide one and his problem easy of solution, 
in others the critical margin is narrow. Unsweetened 
condensed milk is a good example of a food with a 
narrow margin of safety. Spore resistant bacterial 
strains are liable to be present which require a high 
temperature, often a sustained high temperature, to kill, 
while on the other hand this food is very liable to be 
damaged as a commercial product from the application 
of heat at a high temperature. In such a case it is 
necessary to study with great care the factors which 
influence the problem and to conduct the processing 
with a nice regard to accuracy. 

In the same connection it may be mentioned that 
with some fruits heating to about ioo° C. injures their 
appearance and flavour so that with these fruits the 
tendency is to keep the temperature low and secure bac¬ 
terial destruction by prolonging the time of exposure. 

These preliminary remarks will make clear how very 
necessary it is to study with considerable care and 
detail the different factors which affect the application 
of heat to canned foods. 

These factors can conveniently be discussed under 
three headings, i.e. the bacteria present, the character 
and composition of the food in the can, and technical 
and physical points affecting the temperature required. 
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A. The bacteria present or possibly present 

From the point of view of their resistance to heat 
bacteria fall into three groups : 

1. Bacteria which form spores. 

2. The ordinary non-sporing type of bacillus. 

3. Certain more resistant non-sporing types. Of these 
the most important are the tubercle bacillus and some 
types of streptococci. 

From the standpoint of the canner the only classes 
of any importance and interest are those which are 
pathogenic and those which cause spoilage. 

Fortunately the only type of sporing bacillus patho¬ 
genic to man which may be present in canned food is 
B. botulinus. B. anthracis is theoretically possible but 
may be ignored in practice. Most of the pathogenic 
bacteria are of low resistance and do not require special 
consideration. The possibility of survival of pathogenic 
streptococci and B. tuberculosis almost entirely concerns 
milk products and is discussed in the special reports on 
those foods. 

Of considerable importance is the question of the 
survival of heat-resisting toxins of the Salmonella group 
and possibly of B. botulinus. These important matters 
are discussed in detail elsewhere. They are all rare 
contingencies which have to be guarded against rather 
by means which prevent access of the bacilli than 
by any special temperatures of processing. In actual 
cannery practice the problem which is dominant is that 
of eliminating the bacteria which may cause spoilage. 

In addition to the resistance to heat of the types of 
bacteria the initial numbers present when the stage of 
processing is reached have to be taken into account. 

The number of bacteria present is of great importance. 
It is well established that the rate of destruction of 
bacteria by heat varies with the number of bacteria. As 
H. Chick (1910) has shown, disinfection maybe con- 
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sidered analogous to a chemical reaction the velocity of 
which is controlled by external conditions, including 
temperature and concentration of the bacteria. Disin¬ 
fection proceeds in accordance with a logarithmic law so 
that the concentration of survivors varies logarithmically 
with time. In other words, the rate of disinfection at 
any moment is proportional to the concentration of 
surviving bacteria. This has been stated mathematically 
as regards the death of bacteria when subjected to any 
fixed unfavourable conditions, i.e. 

, I, B 

i=jlog3-, 

where .1^ = velocity coefficient of the rate of death of 
bacteria—a constant, 

/=interval of time between observations, 

B — number of bacteria at beginning of any time 
interval, 

b = number of bacteria at end of time t. 

The number of living bacteria present at the time of 
processing is a factor of considerable importance in re¬ 
lation to spoilage. 11 emphasises the need for cleanliness 
conditions in the preliminary stages and throughout the 
manufacturing processes. Some products such as to¬ 
matoes are liable to be heavily contaminated with soil 
and they have to receive very thorough washing before 
they can be utilized, otherwise soil bacteria, many being 
highly resistant sporing types, may be retained alive in 
the product when it goes into the processing retorts. In 
my experience with a fish such as herrings, which 
frequently has tomato sauce added as an adjuvant, a 
higher proportion of tins are found non-sterile when 
this sauce is used than when no adjuvant or some other 
sauce is employed. 

In the report on the Bacteriology of meat and marine 
products the importance of avoiding canning sardines 
which had just fed was pointed out, since they were 
liable to be heavily contaminated with bacteria and in 
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practice considerable trouble is taken to keep them in 
water pens until they are empty of feed. Here the 
difficulty of sterilizing a food product containing many 
bacteria is recognized. 

Bigelow and Esty zz^zz), working under practical 
conditions with the spores of thermophilic bacteria in 
corn juice, give figures they obtained illustrating the 
importance of the numerical factor. The following may 
be quoted: 


Strain 

Initial 

concentration 
of spores 

Minutes required 
to destroy 
spores at 115® C. 


f 4 S,ooo 

6 s 

26 

i 400 

28 


1 40 

22 


f3S,ooo 

42 

1890 

i 275 

21 


1 58 

10 


C 70,000 

42 

1390 

600 

23 


1 65 

13 


It is undoubtedly of great importance in successful 
canning,i.e., to obtain a very small percentage of spoilage, 
to obtain the food as clean and bacterially free as 
possible and to pass it through the different preparation 
stages so that multiplication of bacteria does not occur 
to any material extent. 

The importance of the relationship between time and 
temperature is universally recognized but has recently 
been studied as regards its relationship to canned foods 
by Bigelow and Esty (1920). They worked with re¬ 
sistant spore-bearing thermophilic bacteria, all recently 
isolated from canned foods, and tested their heat resistance 
suspended in juices of canned foods (corn, peas, string 
beans, beets, etc.) of an accurately determined hydrogen- 
ion concentration. As regards this particular point their 
results show how important is this relationship. For 
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example, 200,000 spores per c.c, of their culture No. 26 
were destroyed in 13,200 minutes at 100° C., in 690 
minutes at 105° C, in 225 minutes at 110° C, in 84 
minutes at 115° C, in 23 minutes at 120° C., in 8 minutes 
at 135° C, and in i minute at 140° C. Nineteen thermo¬ 
philic organisms showed a very similar relationship 
between time and temperature. 

They also noted the point, which is well recognized 
as regards bacteria generally, that spores of the same 
organism varied in resistance to heat under special con¬ 
ditions and that this resistance could be increased 
greatly. For example, one type was increased from a 
time of 12 to 23 minutes to kill at I20°C. within six 
months through repeated artificial cultivation. Also by 
careful selection of surviving spores a very resistant 
type was produced. 

B. The influence of the character and 

COMPOSITION of the FOOD IN THE CAN 

These, although varied, can be grouped into three 
classes: 

(1) The physical properties of the food as affecting 
heat transference. 

(2) The acidity or, more accurately, the hydrogen- 
ion concentration of the food. 

(3) The protective properties of the contents as 
affecting the resistance of the bacteria. 

(i) The physical properties of the food. The charac¬ 
ter of the food in the can is of fundamental importance. 
Heat is for the most part conducted into the centre of 
cans by conduction and convection. Convection cur¬ 
rents are markedly affected by the nature of the food. 

When the food inside the can is solid or nearly solid 
the penetration of heat is almost entirely by conduction 
and therefore penetration is relatively slow. When a 
solid is mixed with water as the fluid, convection currents 
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are freely formed and we get rapid heat penetration and 
the rate is not materially impaired when salt solution 
or dilute syrup replaces the water. Starch on the other 
hand greatly impedes the formation of convection 
currents and greatly retards heat penetration. 

The subject has recently been studied by Bigelow and 
his CO- workers (1920) in special relationship to canned 
foods, and the following remarks are largely taken from 
their valuable Bulletin. They have shown that when the 
percentage of starch is only 1-2 its effect is noticeable 
and becomes more marked as the amount of starch is 
increased until a 5 to 6 per cent, solution is reached. 
No further retardation takes place above six per cent., 
showing that above this percentage heat penetration is 
almost entirely due to conduction alone. Conduction 
itself is however affected by rising temperature. 

Starch is a colloid and it is probable that other colloids 
will behave similarly. The same point arises in regard 
to unsweetened condensed milk. To mention an ex¬ 
ample from my own experience, in one experiment with 
a tin of unsweetened milk at an initial temperature of 
18° C. immersed in boiling water it took 35 minutes for 
the thermometer in the centre to reach 90“ C., while 
when raw milk was substituted it took only six minutes 
and distilled water only three minutes. 

Products which alter when heated so that they pack 
together and products that are cooked to pieces during 
the process make the contents somewhat viscous and 
retard heat penetration. Bitting (1916) points out that 
fruit packers have experienced greater losses in packing 
over-ripe stock than in packing that which is green and 
that this is due to the fact that the very soft ripe stock 
tends to mat together and prevent the liquid from 
circulating between the pieces, diminishing convection 
currents. A similar condition occurs in canning very 
ripe tomatoes, especially if heavy purde is added to fill 
the interstices. 
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The size of the particles is of some influence. Heat 
takes time to penetrate so that large particles are as a 
whole at a lower temperature than the liquid surrounding 
them and they exert a cooling influence upon it. 

The slow rate of heat penetration into canned meat was 
shown long ago by B everidge and Fawcus (1908). They 
also found the rate of penetration to be very variable. 

Bigelow and his co-workers (1920) extensively studied 
the application of these laws to practical canning con¬ 
ditions, recording a long series of observations. They 
used a special form of thermocouple capable of being 
used to test the processing of canned foods under actual 
factory conditions. Using a number of leads they were 
able to take a number of simultaneous observations. 
A stuffing box was soldered to the top of the can to 
introduce the thermocouple. To get accurate results 
it is essential that the joint should be tight and this was 
obtained by the use of a rubber gasket. The measure¬ 
ment of the voltage of the electric current generated 
from the difference of temperature between the joints 
of two wires soldered together enables the temperature 
to be calculated, one joint of course being kept at a 
known temperature. In their Bulletin the results ob¬ 
tained are plotted in the form of graphs, the horizontal 
lines showing the temperatures reached, the vertical 
the number of minutes taken to reach the temperature 
indicated. The temperatures recorded were at the 
centre of the can. The different curves obtained deserve 
careful study and show that the rate of heat penetration 
to the centre is affected by different kinds and qualities 
of the content, even of the same food product. For 
example, with salmon when it is packed solid, heat 
penetration is very slow but with smaller pieces sur¬ 
rounded by some liquid the heat penetration rate is 
considerably increased. With plums heat penetration 
to the centre of the can is slower than with peas, because 
the plums are larger. This retardation is materially 
increased if a heavy syrup is used instead of water, 
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and the curves obtained show that with a 50 per cent, 
syrup they may take over twice as long (45 minutes 
instead of 20 minutes) to reach retort temperature. 

Bovie and Bronfenbrenner (1919) have also described 
an apparatus for measuring the rate of heat penetration 
which is a thermocouple of rather different construction. 

G. E. Thompson (1919) has also determined by 
means of thermocouples the temperature-time curves at 
the centre of tins subjected to various temperatures. He 
makes the same point as the other observers, that sub¬ 
stances which contain a great deal of free liquid heat 
up almost as fast as water if the liquid is of low viscosity 
but increase of viscosity markedly retards. He draws 
attention to the influence of the change of viscosity with 
temperature. His paper is essentially on mathematical 
lines. 

The mathematical side of the problem, including a 
formula to calculate the temperature at the centre of 
the can, is further discussed by Buchanan, Thompson, 
Orr and Bennett (1918). They set out a formula which 
they found to be applicable generally except at the 
beginning of the heating. They found that their theo¬ 
retical and experimental curves showed close agreement, 
both in heating and in cooling. 

(2) The acidity and hydrogen-ion concentration of 
the food. The importance of the factor of acidity in 
relation to the destruction of bacteria has long been 
recognized. For example, H. Chick (1910) testing the 
rate of destruction by heat of B. typhosus in broth found 
the rate to be much slower in broth than in distilled 
water. This was found to be due to the slight alkalinity 
of the broth. The addition of a small extra amount of 
acid, too small to exert any disinfection action of itself, 
rendered disinfection so quick that the rate could not be 
measured and the velocity constant of disinfection was 
more than 40 times as great as in the original broth. 

Bigelow and Esty (1920) working with very resistant 
spores suspended in different vegetable juices found 
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that the time necessary for their destruction was 
materially affected by this factor. With a known number 
of spores at a given temperature they found that as the 
Pyi value is increased the time required for complete 
destruction is decreased. The authors did not vary the 
Ph value with the same juice but they believe that the 
time necessary to destroy spores with the other factors 
constant (temperature, number of spores, etc.) varies 
with the different juices just so far as these /h values 
are different. 

In a later Bulletin, Bigelow and Cathcart (1921) 
further discuss this relationship and give figures show¬ 
ing the range of values of most canned foods. 
They found considerable differences in the contents 
of individual cans. They also note that the heat of 
processing causes a decrease in the Py^ value in most 
cases. This they suggest may be due partially to an 
actual production of acids and partially by a precipitation 
of buffer substances. 

(3) The protective properties of the contents as 
affecting the resistance of the bacteria. There are 
two ways in which an influence may be exerted. In 
the first place it must be borne in mind that estima¬ 
tions as to the time required to kill bacteria in canned 
food products are largely based, for most foods, upon 
the time required to kill surface bacteria. Put another 
way, experiments recorded as to temperatures reached 
in the interior of cans are temperatures reached by 
liquids in the centre. For foods such as fruits or vege¬ 
tables they are not the temperatures of the centre of 
such fruits. For more or less uniform liquids such as 
milk or closely packed foods such as canned meats this 
point does not arise but it does for other foods. Pro¬ 
bably it is most important as regards canned fish and 
other marine products. The temperatures reached may 
be adequate to kill all surface bacteria but they may be 
insufficient to enable a lethal temperature to be reached 
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by the centre of the fish. The point has already been 
mentioned as regards the importance of only canning 
sardines freed from feed. These fish are not gutted and 
if B. coli and other gas producing bacilli are in the in¬ 
testinal contents in any numbers they may be protected 
from destruction by the fish tissues surrounding them, 
the heat of the interior of the fish being sub-lethal. 
Fortunately with most canned products the bacteria 
are all on or near the surface and the interior is sterile. 
With meat on the other hand the pieces are broken up 
quite small and the immersion in the pickling fluid 
introduces living bacteria right through much of the 
food. The cooking and processing given have therefore 
to be adequate to raise all parts to a temperature fatal 
to bacterial life, if sterility is to be reached. 

The other protective influence is more problematical; 
with substances such as milk the bacteria may be pro¬ 
tected to some extent by being enveloped in the fat or 
albuminous constituents and so be more resistant to 
heat. Very little, however, is known on this point. The 
well attested increased difficulty of destroying bacteria 
in milk as compared to water may be merely a physical 
question of the difference of heat conduction through 
the mass. 

C. Technical and physical points affecting 

THE TEMPERATURE REQUIRED 

There is a number of points closely related to prac¬ 
tical canning operations which have to be kept in mind 
in considering the temperatures used in processing 
which have not yet been considered but which are of 
material importance. The following are the most im¬ 
portant : 

I. The size of the containers used. It is self-evident 
that large cans will require a longer time at the same 
temperature for the centre to reach the same degree of 
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heat. Cans of larger size are always processed for a 
longer time than those of smaller size. Bigelow (1920) 
states that for cans longer than their diameter the time 
necessary for heat to penetrate to the centre of the can 
is approximately proportional to the square of the radius 
of the can. Williamson and Adams (1919) and also 
Thompson (1918) have published equations and calcula¬ 
tions which make it possible to calculate the theoretical 
heat penetration curves in canned foods and these 
include the size of the container. 

Calculations of this kind are more applicable to 
products of slow heat penetration than to those in 
which convection currents play a material share in heat 
transfer. 

2. Influence of the initial temperature. With pro¬ 
ducts such as peas and many fruits, where heat passes 
rapidly to the centre of the can, this factor is not very 
important, but with products in which heat penetration 
is slow the initial temperature is of great importance. 
With food of this nature the processing should be done 
as quickly as possible after the tins are filled and sealed, 
i.e. before they have had time to cool down. In most 
canning operations the contents of the can are heated 
up before the can is sealed, as this gives a vacuum. 

3. Form in which the heat is applied. While the 
source of heat is steam, it may be applied as dry steam 
or as a mixture of water and steam. Bigelow (1920) 
studied this point experimentally and remarks “so far 
as we have been able to determine, there is no differ¬ 
ence in the rapidity of heat penetration, whether pro¬ 
cessing in dry steam or under water.” He points out, 
however, that in the technique of various canning plant 
there are differences in detail which greatly influence 
the results. For instance, while in some plants the re¬ 
torts are partially or entirely filled with water which is 
heated practically to the boiling point before the tins 
are introduced, in others the tins are put into the water 
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when it is comparatively cold which is then gradually 
heated while the other crates of tins are being filled in. 
In the latter procedure the tins are actually cooled 
first. These points really illustrate the influence of the 
initial temperature rather than the form of heat. 

4. Influence of rotation of the cans. It is obvious 
that heat penetration is materially influenced by agita¬ 
tion of the contents so that within recent years con¬ 
siderable attention has been paid to the development 
of agitating cookers. The usual plan is for the interior 
framework to revolve so that the cans are rotated. 

Rotation is of considerably greater value for some 
products than for others. It is least beneficial for foods 
which are packed dry, which have a heavy consistency 
or which tend to move en masse when the can is rotated 
(Bitting). Or as Bigelow puts it, dealing with agitating 
cookers, “They are of value in processing products 
which at sterilizing temperatures are sufficiently fluid to 
permit them to mix readily but which do not permit the 
free movement of convection currents.” 

Bitting (1916) states that the greatest advantage 
from the use of the agitating cooker is not so much in 
the shortening of the time of cooking as in the possi¬ 
bility of lowering the temperature and thereby gaining 
in quality. “The time of cooking for most products is 
reduced to about one-fourth that necessary for the 
same product when standing, and it has been reduced 
on some products like tomatoes to one-tenth the regular 
cooking period.” 

Violent agitation is not required; the aim is to allow 
the solids to shift so that the liquid portions may move 
through the mass. 

5. Influence of subsequent cooling upon sterilization. 
It is obvious that if the canned products are cooled 
quickly after the processing any sterilizing heat effects 
are cut off more rapidly than if the products cool 
slowly and are allowed to remain at high temperatures 
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for a considerable time. Any such action is, however, 
very uncertain and irregular and the disadvantages are 
far greater than any additional bactericidal action. In 
practice therefore it is the usual procedure to employ 
some form of rapid cooling immediately after processing. 
Any additional sterilizing effects should not be relied 
upon or employed. Incidentally it may be mentioned, 
as bearing upon the temperature of processing, that the 
sudden cooling throws a great strain upon the cans. 
The higher the temperature of processing the greater 
the strain. Its greatest severity is exerted when the 
hot cans are suddenly subjected to cold water. Com¬ 
monly the cans are partially cooled in the retorts by 
running in cold water and again cooled outside the 
retorts by cold water applied as a jet or by immersion 
in it. 


General Observations 

The very large number of factors which affect the 
temperatures and times required for absolute steriliza¬ 
tion shows how complicated is the whole matter and 
how impracticable it is to set down precise data in 
regard to these two factors which shall be generally 
applicable. It is only within the last few years that any 
serious attempt has been made to remove the subject 
from one of empiricism to one on a scientific basis, and 
in spite of the valuable results which have been achieved 
very much remains to be done. The facts mentioned, 
and also practical experience, show that while rule of 
thumb procedures may yield satisfactory results, on 
many occasions untoward results are apt to occur un¬ 
accountably from time to time and often resulting from 
what appear to be trifling matters. 

The bacteriological reports which we have furnished 
show how large is the number of perfectly sound samples 
which contain living bacteria, or in other words for a 
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irge proportion of canned food tins processing is not 
ientical with sterilization. These results further show 
hat the criterion of absolute sterility may not be of 
naterial moment and. that, for example, killing vege- 
able forms may be as efficient as the employment of 
emperatures which kill the spores also, since under 
nany conditions the latter are incapable of reproduc- 
ion. It is probably this fact and this safeguard, rather 
han any absolute sterility efficiency of the processing 
vhich has enabled so many empirically devised pro- 
essing procedures to give satisfactory results. 

Until the influence of the various factors indicated 
•bove has been accurately worked out we are a long 
vay from being able to prescribe exact times and tem- 
►eratures for processing which can be relied upon to 
ive uniformly satisfactory results and yet not injure 
he contents. 
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REPORT UPON LABORATORY METHODS FOR 
THE EXAMINATION OF CANNED FOODS 

By William G. Savage 

Reprinted with the permission of the Food Investigation Board. 

In view of the very extensive importation of canned 
foods into this country the trifling attention which has 
been given to Laboratory methods of examination is 
rather remarkable. Little or nothing has been contri¬ 
buted to this subject in Great Britain. On the other 
hand, as might be anticipated from the extensive nature 
of the canned food industry in the United States of 
America, considerable work has been done in that 
country although there still remains a good deal to be 
accomplished. In the present report this work is ex¬ 
tensively utilized both as set out in published papers 
and more particularly from practical experience in 
America. The writer is particularly indebted to Dr 
W. D. Bigelow, Chief Chemist, National Canners’ 
Association, for placing at his disposal his ripe experi¬ 
ence in these matters and for his practical demonstra¬ 
tions at the well-equipped laboratories at Washington 
of the National Canners’ Association. 

In addition the writer with his associate workers has 
been continuously engaged for over three years in a 
systematic study of canned food during which over 800 
tins of different canned foods were exhaustively studied. 
This has afforded extensive experience as regards many 
of these methods, while special procedures have been 
devised to meet some of the difficulties encountered 
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and to enable a more accurate judgment to be given 
as to the condition of the containers and their contents. 
Many thousands of tins have also been examined at the 
ports of entry. 

Section A. Examination of the container 

The methods of examination employed by the Food 
Inspectors have been described in other reports. The 
present report is only concerned with examinations in 
the Laboratory. 

I. Types of can. While shapes and sizes vary 
widely, practically all the tins used in commercial canning 
conform to one of two types—“ Hole and cap” and the 
“Sanitary.” The former is the original type but is 
being rapidly supplanted by the “Sanitary” can, since 
the latter is more readily filled and closed and, although 
it is not cheaper to make, its filling and closing is more 
economical so that it is regarded as a cheaper package 
for the canner. 

As the name suggests the hole and cap tins have a 
fairly large circular opening at the top to admit the 
food. When filled this is covered by a cap, the margins 
of which overlap the edge of the hole. When ready for 
sealing the margins are soldered down, the solder 
usually being already coated over the edge of the cap 
to facilitate the operation. 

The centre of the cap has a small hole to allow the 
heated expanded air to escape, otherwise the soldering 
might be troublesome, and this is finally closed by a dab 
of solder. The tins have the advantage that the joints 
of cap and tin can be made sound and air tight without 
much difficulty. There is some small risk of lead from 
solder entering the can but this is trifling and the 
danger of lead poisoning nearly negligible. 

In the sanitary type of can the top is open. After 
filling, the lid is laid on the top and by means of a 



120 


APPENDIX II 


special machine is crimped on by double seaming. No 
solder is used in this operation and the only solder in 
the tin is that used in making tight the single side seam. 
To ensure air tightness a gasket is used. This is often 
in the form of a previously painted on ring of a solution 
containing rubber, but a paper gasket is a frequently 
used contrivance. In tins, such as for sardines, where 
no gasket is used the double seam cannot be relied 
upon to ensure air exclusion but the oil may prevent air 
leakage. 

The interior of the containers may be plain or 
lacquered. Lacquering of the tins is done for two 
purposes, the chief being for trade purposes to preserve 
colour and appearance, the other to prevent or diminish 
the action of any acid food product upon the metal of 
the container. The use of paper or parchment linings 
for products such as crabs and lobsters is also for trade 
purposes, i.e. to prevent discoloration of the food. 

2. External appearance. This has been described in 
other reports. The presence of extensive rust is of 
considerable significance since it means denudation of 
the metal which later will result in actual perforation. 
Rusty places should be very carefully cleaned and the 
places scrutinized very closely for actual leaks. 

The presence of vent holes must be carefully noted 
but their presence may be perfectly legitimate and no 
evidence of the venting and re-closure of an unsound 
tin. (See Special Report No. 3 Food Investigation 
Board, Methods used for the Inspection of Canned 
Meats.) 

3. Examination for a vacuum. The outline of 
methods of manufacture which has been given in the 
different reports will make it evident that for most foods 
a definite vacuum should be present. The amount of 
any vacuum will, however, vary greatly not only with 
different products but with the same class of product. 
With meat foods a considerable vacuum is almost in- 
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iriably obtained. Some vacuum is usually present 
ith canned marine products and fruit but with some 
'Ods such as sardines it is usually very slight, in our 
cperience. On the other hand we have usually found 
Jt little vacuum with unsweetened condensed milk 
though perfectly sound and for the most part no 
icuum at all, or none we could detect, with sweetened 
jndensed milk. With the latter product little or no 
tempt is made to make the cans air tight. While the 
5 sence of a vacuum cannot be taken as in any way a 
'ound for rejection (although with many products it 
ig’gests a leak), its presence is of great importance. It 
direct evidence of the absence of any leak, even a 
icroscopic leak, and a reliable guide proving the 
>sence of patency of the container. 

It can be readily ascertained with a vacuum gauge 
special type. The gauge ends in a 
out hollow needle the cavity of which 
in continuity with the gauge and the 
id of which is sharpened. Over the 
jedle is a good quality rubber cork, 
he tin is punctured, the rubber being 
sll pressed at the time of puncture 
[•ainst the surface of the tin. This 
akes an air-tight joint and any 
icuum is at once read off on the gauge. 

The procedure is very simple and the 
ily difficulty is the unfortunate facility 
;th which the needle becomes choked, 
he accuracy of the gauge should be Fig. i. 

sted from time to time. 

4. Detection of leaks. Our investigations have im- 
essed us very strongly with the importance of leaks as 
potent cause of unsoundness, not because they admit 
•cteria, but because they allow the access of air. The 
.mission of oxygen enables bacteria already present, but 
»rmant, to resume their activities and spoil the product. 
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The detection of leaks is therefore of considerable 
importance. 

Several methods are available. 

(а) Direct examination. While large leaks are 
obvious on careful inspection, it is very difficult and 
often impossible to detect minute leaks by simple naked 
eye examination. With foods such as fruits, with 
partially liquid contents, their detection is assisted by 
violently knocking the tin on some hard surface. This 
also may unseal small leaks blocked up by dirt or food 
particles but it is only the more crude leaks which can be 
detected in this way. Occasionally placing in hot water, 
which dissolves fat and gelatine which may plug a 
leak, and squeezing under the water may show a leak 
by the extrusion of a bubble of air, but we have not 
found this procedure of much service. 

Even with a tin, which from other parts of the ex¬ 
amination is known to be leaky, or in which a leak is 
subsequently detected by one of the methods mentioned 
below, which has its contents emptied out and the paint 
washed off with dilute caustic potash it is often im¬ 
possible to detect a leak by naked eye examination. 

(б) Water vacuum test. This is a simple method 
which is sometimes successful but the facility with which 
particles of the contents block up the leaks militates 
greatly against its practical utility. The procedure is 
readily seen from the sketch. The tin is completely 
submerged in recently boiled water in a glass vessel 
with an air-tight lid with ground joint well luted. 

The flat lid is perforated to take a tube connected 
with a vacuum pump and gauge (Fig. 2). Of course 
everything must be perfectly air tight. If the can leaks, 
operating the vacuum pump will cause bubbles to escape 
from the tin and rise through the water. 

(c) Testing for leaks under pressure. This is the 
most reliable method but is somewhat troublesome. As 
practised at the National Canned Food Laboratory in 
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^Washington in 1919 it was carried out as follows and 
iJr Bigelow writes me in 1922 that this is the present 
procedure. 

By means of a tin opener a circular piece is cut out 
^ the top of the can about i-|- to 2 inches in diameter. 

AO obtain a circular opening one of the types of tin 
opener which cuts a circular hole should be used. The 
size of the hole should be slightly smaller than one of 
the^ stock cap sizes. The contents (after any bacterio- 
logical examination) are removed. The tin is then 



■washed out thoroughly and boiled in ordinary water 
for some time. All the water, as far as possible, is 
sucked out and the tin is dried at 80° C. for an hour or 
so. If it has a paper gasket this should not be done 
since these tins are not warranted to be perfectly air 
tight when completely dry. One of the stock tin covers, 
which can be purchased with affixed solder rim, is then 
placed over the hole and soldered on. It is convenient 
and expeditious, but not essential, to use the special 
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circular soldering iron which is used commercially for 
soldering hole and cap tins. The top must be held down 
until the solder is quite hard. A careful examination 
must be made to see that the joint is satisfactory. The 
tin is now turned upside down and into the opposite 
flat surface the special puncturing end of the apparatus 
used (see Fig. 3) is inserted, rotated through a quarter 
of a circle and the level pressed up to expand the india- 
rubber ring at the junction and make an air-tight joint. 
The whole apparatus is then placed in water sufficient 
to completely cover the tin and junction and air is 



pumped in. At Washington this is done by connecting 
to the air pump apparatus, but in my laboratory I use 
^ ordinary bicycle pump and this is quite satisfactory. 

he tin is tested by gradual additions of 3 lbs. pressure, 
read off on the gauge. Leaks are very obvious by the 
escape of bubbles of air through the water. 

The following pressures as standards are used: 

No. I and No. 2 sized cans ... Tested by 5 lbs. pressure additions up to 
j XT • , ^5 lbs. pressure. 

No. 2i and No, 3 sized cans ... Tested by 5 lbs. pressure additions up to 
XT • t lbs, pressure. ^ 

No. losizedcan...Testedby s lbs. pressurel^dditionsup to lolbs.pressure. 
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With leaks only showing at the very highest pressures 
one cannot be always certain that there was a leak 
originally in the tin as the test is a severe one. Even 
such a thorough procedure is not always sufficient to 
demonstrate leaks which have been thoroughly closed 
by particles of food. 

In cases where the detection of a leak is not of 
primary importance and where time is of moment we 
have often been able to detect a leak by removing some 
of the contents for examination through a small hole 
and then using the same hole to perforate with the 
instrument. Air is then pumped in, the tin being under 
water, and the pressure is sufficient to force it through 
the contents through the leak. This obviates cleaning 
out and resoldering, but while valuable when positive 
evidence is obtained it is of little value as negative 
evidence of the absence of a leak. 

5. Examination of the construction of the can itself 
and the condition of the joints. In a “sanitary” can 
the two chief points of weakness are the soldered joint 
forming the vertical seam down the side of the can and 
the crimped joint along which the lid is fixed to the 
receptacle. 

The crimped joint is the more important since more 
likely to be defective. The lids are affixed by machines 
which have reached a high degree of efficiency and 
when properly adjusted the percentage of defective cans 
is an extremely small one. Like all machines they are 
emphatically not fool proof and require careful and 
daily adjustment by a skilled mechanic. This they do 
not always receive and in consequence a machine may 
be turning out a considerable percentage of inadequately 
closed cans. The following sketches (Fig. 4) illustrate 
properly closed seams and junctions which are defective. 

The method employed to examine this crimped joint 
is to file away the tin along the line of the joint so as 
to expose the joint in section. The filings eure cleaned 
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E and Ex . Incorrect seam from too much base pressure. 
Fig. 4. Sanitary Can. Double Seams. 
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out with a pin and the cross section examined with a 
lens. It can then be readily seen if the crimping has 
been properly done or if one of the defects shown above 
is exhibited. 

The actually weakest point in the whole can is the 
place of junction of the side seam with the crimped 
joint, so the place to start filing should be about an inch 
to the side of this point. By filing through the top 
curve of the crimped joint the lower piece is detached 
and it can then be seen if it is jointed properly at this 
weak junction. 

The side seam of the can itself should then be stripped 
and carefully examined, with a lens if necessary, to see 
if it is perfectly soldered. 

Incidentally it may be mentioned that the distinction 
between defects in these two joints is an important one 
practically to the trade. If the crimped joint on the lid 
side of the tin is defective it is due to imperfect work 
in the cannery, i.e. it is a fault which concerns the packer. 
If the defect is in any other joint, i.e. the side seam or 
the crimped edge at the bottom of the tin, it usually 
points to defective construction of the tins and so can 
properly be charged back to the makers of the cans. 

With hole and cap. cans the points of weakness are 
different. The chief places to look for leaks are the 
junctions of the cap, the central vent and leaks in the 
body seams, i.e. these may be cap leaks, vent leaks, body 
seam leaks. Cap leaks are due to defective soldering 
of the caps, the commonest cause being exudation of 
the contents which prevents the solder making a proper 
junction between the cap and the body of the tin. Vent 
leaks are in the solder filling the vent, and also may be 
due to particles of the food or juice preventing union. 
They are usually very minute and only the size of a 
hair and are then difficult to detect. Body leaks may 
be in any seam, top, bottom or side, and are due to 
defective tins and not to the sealing of the cans at the 
cannery. 
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Section B. Chemical analysis of the contents 

This may be of two kinds, one for analytical purposes 
to judge the quality of the food, the other to estimate 
deviations of the food from the normal as a guide to 
unfitness. The former is purely a trade matter and out¬ 
side the scope of this report. The latter may vary con¬ 
siderably with the nature of the food but broadly there 
are only five determinations which require mention. 

1. Determination of acidity. While the estimation 
of the hydrogen-ion concentration is of material value 
in connection with canned foods it does not replace the 
simpler determination of titratable acidity. This is of 
considerable value and very readily carried out. It has 
been shown in the various reports that as a rule the 
variations of titratable acidity with the same food con¬ 
tent are slight. 

Any considerable deviations from these average 
figures therefore are of significance in judging the un¬ 
fitness of the sample. 

The determination is readily carried out by titration 
with W/io alkali as described in a number of the Reports. 
With substances such as fruit, partially liquid partly 
solid, there is no need to take a mixture of the two and 
the titration of a definite quantity of the juice is easier 
and also more satisfactory. With solid substances, or 
mostly solid substances such as fish, definite weighed 
portions have to be taken. 

2. Examination for metals. Tin, lead and occasion¬ 
ally iron have to be looked for. Satisfactory methods 
are given in the text-books. 

3. Analysis of the gas content. This is chiefly used 
in connection with the examination of “blown” samples. 
While we have occasionally found it useful for research 
purposes to elucidate special points, there is but little to 
be gained by its utilization for the routine examination 
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of blown tins. A blown tin can safely be rejected how¬ 
ever produced, and in practice, in spite of the theoretical 
possibility of their production from chemical or physical 
changes apart from bacterial activities, the condition is 
almost invariably due to decomposition changes from 
the activities of micro-organisms. It is a waste of time 
to analyse the varieties of gases present. 

On the other hand it should be mentioned that Dr 
Bigelow and the American workers who are more closely 
concerned with studies of factory conditions in relation 
to spoilage than workers in this country find gas analysis 
of considerable value. 



Rubber cork 
fitd over the 
hollow needle 


Fig* 5- 

Since however it is useful occasionally to elucidate 
obscure points of origin, the following method may be 
mentioned. 

The method and procedure described by Baker (Re¬ 
port of the Zth International Congress of Applied 
Chemistry, 1912, Vol. xvin. 43) and as explained per¬ 
sonally to the writer gives satisfactory results. 

As described by Baker the apparatus consists of an 
extensible strap iron frame in which a can may be set 
and clamped down by means of a screw clamp. 

Entering at the base of this steel frame is a hollow 
steel needle as shown in Fig. 5. The rubber stopper 
shown alongside of this needle, in use, is placed over 
the needle. It is of-such height that the rubber stopper 
must be considerably compressed before the needle 
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punctures the bottom of the can. The steel needle is 
connected with a water supply so that a stream of water 
under about 15 lbs. pressure can be forced through the 
puncturing needle into the can. Adequate water pres¬ 
sure from any source would be satisfactory. 

The strap iron holder which is either screwed or 
clamped on to a table has a twisted iron shank so that 
it tips at an angle of approximately 45°. This clamp 
has a screw compression which works on the bottom of 
the can and a hollow steel puncturing needle through 
which the gas is extracted from the top of the can. 
The puncturing needle is enclosed in a rubber stopper 
so that compression and tight connection is necessary 
before the steel needle punctures the top of the can. 
The tilt places the can in such a position that it can be 
punctured and the gas drawn off into a Doremus or 
other Gas Extracting Apparatus from its highest point 
as shown in Fig. 6. 

Any other kind of puncturing arrangement based on 
the same principle would answer satisfactorily. 

The top of the gas extractor is connected with a 
gas burette by means of capillary tubing with rubber 
connections. 

The complete procedure for extracting the gas is as 
follows: 

After the can is in position, water is forced through 
the steel puncturing needle in the base and, while the 
water is still flowing through, the screw clamp from the 
top is turned down until the compression in the rubber 
stopper is great enough to allow the needle to puncture 
the base of the can. Water under pressure may then 
enter the can. The Doremus Clamp is then screwed 
down solidly, the hollow steel needle filled with water; 
the capillary connecting tubes between the gas burette 
and the extractor are filled with water and connected 
as shown in Fig. 6. The clamps on the rubber connec¬ 
tions are then loosened, the gas burette opened and the 
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Dorcnius Clamp screwed down until the can is punctured. 
'Pht; gas then (lows out through the capillary tubing, 
displacing tlu; water in the gas burette. 

When all the gas has been removed, some of the 
licpiid in the can will come over and sweep any gas in 
the capillary connections into the gas burette so that 
(juick and complete extraction of the gas from the head- 
space of th(; sample, is obtained. 

'Phe gas analysis is conducted by ordinary methods. 
For canned goods the gases of importance are oxygen, 
nitrogen, carbon dioxide and hydrogen. 



4. Examination for chemical signs of decomposition. 
It has btten shown in another report* that it is a very 
difficult matter to determine the early stages of decom¬ 
position and to judge from naked eye appearances 
wheth(;r certain classes of canned foods, particularly 
marine products, are good or not. The advantage of 
chemical tests which can be applied at once has been 
explained in that report and also the fact that at 
pres(!nt therti are no reliable chemical criteria available. 
For a consideration of the tests which have been used 
reference should be made to that report. 

* To be published shortly. 
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5. Examination for preservatives. Chemical pre¬ 
servatives are rarely found in canned foods at the 
present time. Such natural preservatives as sugar or 
salt are of course excluded from consideration. As 
Dr MacFadden showed in 1908 they were at one time 
common in potted and other prepared meat foods and 
should be looked for in such foods. 

While they may be added to such preserved foods as 
jams or prepared meat foods there is usually no need 
to examine the ordinary tinned foods for preservatives 
except under special circumstances. The ordinary 
methods are applicable. 


Section C. Bacteriological examination 

This is discussed in detail in other reports and is only 
briefly mentioned here for completeness. 

1. Examination of films made direct from the food 
and stained for micro-organisms. This is readily carried 
out and, as the reports on the different foods show, is of 
considerable value. It does not distinguish between the 
bacteria present which are living and those which are 
dead, but it does give a valuable insight into the con¬ 
ditions through which the food has passed before, 
during and after its introduction into the tin. 

It is a simple procedure which should not be omitted. 

2. Examination for living micro-organisms. In any 
comprehensive examination a considerable number of 
culture tubes must be inoculated since the varieties of 
bacteria, yeasts and moulds which may be present are 
numerous. Any examination purporting to be a complete 
one should include addition of some of the food material 
to the following: 

Egg-meat or other suitable medium incubated anaero¬ 
bically for anaerobes. 

Tubes of glucose broth (in double tubes) incubated 
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some at 21° C. others at 37° C. for ordinary bacteria, 
both gas forming and non-gas forming. 

Broth media incubated at 55° C. for thermophilic 
bacteria. 

Yeast water or other suitable medium for yeasts. 

Inoculation of media in petri dishes (preferably 
glucose agar) for yeasts, moulds and bacteria generally. 

With some such range of media it should be possible to 
detect and isolate any anaerobes, sporing aerobic bacilli, 
non-sporing bacilli (gas forming and non-gas forming), 
thermophilic bacteria, micrococci, yeasts and moulds. 

In some reports by other investigators upon the 
bacteriology of canned foods stress has been laid upon 
the advisability of using media made from the same kind 
of material as that being examined. For example, fish 
media are advocated for the examination of canned fish. 
Our experience has been that these special media are 
unnecessary and the ordinary media, such as indicated 
above, are sufficient. 


PROCEDURE SUGGESTED FOR EXAMINATION 
OF CANNED FOOD TINS IN THE LABORATORY 

A. Routine. The.following in order: 

1. N ote of details on the label and tin showing nature 
of contents, type of tin, where made, brand, size of tin 
and (only very occasionally available) the date of pack- 
ing. 

2. A careful external physical examination to include 
solder markings, evidence of ill usage, signs of leaks, 
and the results of inspection, palpation, percussion and 
the shake test. 

3. Opening the tin under aseptic conditions. 

Start all the bacteriological examinations. 

4. Careful record of the conditions of the contents, gas 
escape, appearance, odour and (if advisable) taste. 

5. Direct microscopic examination of the contents. 
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6. Estimation of titratable acidity. 

7. Examination of the opened tin for blackening, 
condition of the seams, etc. 

The above has been our routine for over 800 tins. 

B. Special. The following are useful under special 
circumstances. 

8. Test for a vacuum with a suitable gauge. 

9. Test for leaks. Before opening by the vacuum 
test; after opening (if required) by the special pro¬ 
cedure described. 

10. Chemical examination for poisonous metals. 

11. Chemical examination for chemical products of 
decomposition. 

12. Analysis of the gases of decomposition. 

13. Detailed examination of the joints and seams of 
the tin, 

14. Direct inoculation of the contents into animals. 
Only required where food poisoning is suspected. 

The Schedule reproduced is the one I use and is 
a very convenient form for recording the results of 
examinations. 
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(jFron/) 

CANNED FOODS 

Lab. No. Contents ... . Size of tin 

Packing date ....... Sanitary exam, date ... 


Lab. exam, date 


Other particulars on label 


Information as to fate of 
(‘an between packing 
and examination 


{ 


Report of ( 
Food 

Inspector t 


OU'rsIDK PHYSICAL EXAMINATION 
Solder marking's,..,. ....... 

Evidence of ill usage,....,..,....,... ....... ■.■..... 

Perforations: Gross.,.......... Microscopic.. 

Percussion test................... 

Palpation test.......... ..... 

Inspection.:.... ., .......... 

Shake test. .............. . .. 


Remarks; 
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SUMMARY OF LABORATORY RESULTS 


Lab. No.. 



Direct 

microscopic - 
examination 

V. 


Surface 

bactcriol()jj:ical 

examination 


Deep 

bacterioloj^ical 

extunination 


Chemical 

examination 


Other 

investigations * 
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